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GENERAL INTRODUCTION
8BACKGROUND
The current Western society is characterised by an ageing population due to decreasing 
birth rates and increased longevity [1]. This puts the social security systems under pressure 
and increases the need for older workers to extend their working life. Recently, many 
governments in developed countries introduced policies to increase the proportion of 
older people in paid employment. For example, by minimising the facilities to retire early 
and by raising the statutory retirement age. Partially as an effect of such interventions, 
the average retirement age in the Netherlands has gone up from 61 years in 2007 to 64.1 
years at the end of 2014 [2]. Still, many workers leave the workforce before the official 
retirement age. While some people do so via the more voluntary route of early retirement, 
others exit the workforce via the involuntary routes of disability or unemployment. 
In order to prevent early exit from work, increasing attention is paid to sustainable 
employability, i.e. the opportunity, capability and condition of an employee to work 
productively with maintenance of health throughout the working life [3]. Insight in 
modifiable risk factors of premature exit is needed to develop successful interventions 
aiming to reduce early exit from the workforce and to facilitate sustainable employability.
Determinants of sustainable employability 
Sustainable employability is a comprehensive concept and involves a long time span, 
but until now no single measure is available to determine a worker’s sustainable 
employability. Therefore, various measures are being used to get an indication of 
sustainable employability. For example, lack of sickness absence, productivity at work, 
work ability, and labour force participation. Poor health is an important risk factor of early 
exit from work especially of exit due to disability, but also due to unemployment and early 
retirement [4]. Further, poor work related factors like low job control and low rewards seem 
to increase the risk of labour force exit [5]. In a recent paper by Leijten et al, favourable 
psychosocial work-related factors were found to lower the risk of disability benefit in 
workers with health problems, indicating the importance of a good work environment in 
sustainable employment [6]. However, information on how and why certain factors play 
a role in leaving the workforce is often lacking. This asks for qualitative research to better 
understand the underlying mechanisms. Furthermore, although lifestyle related factors 
are well established risk factors for productivity loss at work, sickness absence and 
reduced work ability [7, 8], there is less insight into the particular role of these factors in 
different routes of premature exit from paid employment. Gaining more knowledge about 
the role of these factors may serve as a starting point for developing interventions aiming 
to reduce premature exit from the workforce. 
Work ability
The concept of work ability has been developed as one of the first measures of sustainable 
employability in order to increase work participation and prolong working life of older 
Finnish workers [9, 10] and has been adopted in many other countries. It indicates the 
degree to which a worker, given his/her health, is physically and mentally capable to 
cope with the demands at work. Work ability is likely to be dynamic throughout people’s 
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working life. One reason for that is ageing which affects the human resources (e.g. health) 
[1, 11]. The work ability index (WAI) is used to determine individuals’ work ability and 
consists of seven dimensions; an assessment of the current work ability as compared 
to lifetime best, the physical and psychological demands of an individual in relation to 
his current work, diagnosed diseases, perceived impairments at work due to diseases, 
sickness absence in the past 12 months, own prognosis of work ability within 2 years, and 
current psychological resources [10]. Poor work ability is related to (long-term) sickness 
absence, a higher risk of disability, and productivity loss at work [12-14]. Also, the WAI 
is able to discriminate between workers at low and high risk for disability benefit [15, 
16]. However, it is not known whether the tool is suitable to screen for future longterm 
sickness absence. Since workers with multiple episodes of longterm sickness absence are 
more likely to exit the workforce through disability and unemployment [17-20], it would be 
helpful to identify high-risk workers before sickness absence occurs. 
Competing exit routes out of paid employment
The majority of studies assessing labour force exit have focused on one specific exit 
route [21-23] or on different routes in a stratified analysis comparing workers within each 
separate exit route with those who remained in paid employment [5, 24]. However, these 
approaches ignore that exit routes out of paid employment are to some extent competing 
processes. For example, leaving paid employment via disability benefit (which requires 
health problems) often takes place at an earlier age than early retirement, resulting in 
a healthier selection of workers eligible for early retirement. Furthermore, exit routes 
may act as communicating vessels whereby social security arrangements and eligibility 
criteria partly determine via which exit route workers leave paid employment. Therefore, 
leaving competing exit routes out of the analysis may influence the results and this asks 
for a different analysis technique. 
Health care use
Except for rising costs for benefits and pensions, rising health care use and subsequent 
cost also puts the social security system under pressure in Western countries [25, 26]. 
In the Netherlands, health care costs have almost doubled in the past decade. The total 
health care costs were approximately 74 billion euro in 2007 (for 16 million inhabitants) of 
which cardiovascular disorders accounted for 9.3%, mental disorders for 9.1% (excluding 
dementia and mental disabilities), and musculoskeletal disorders for 6.6% [27-29]. 
Modifiable risk factors for health care use must be identified to target interventions on and 
keep health care affordable. Besides, participation in society (e.g. via paid employment) 
after disease or hospital admission is gaining attention in health care. This increases the 
need for research on the intersection between work and health care. Since the majority 
of adults are engaged in paid employment it is of particular interest to evaluate how the 
interplay between work demands and perceived health problems may influence health 
care use. 
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OBJECTIVES OF THIS THESIS
Although the average retirement age is rising, still many workers leave the workforce via 
different pathways before the official retirement age. To facilitate longer working lives, 
the aim of this thesis is to gain insight into determinants of leaving paid employment, 
the possibility to identify high risk groups for displacement from work, and the possible 
consequences of decreased work ability. 
The primary objectives of this thesis are:
1. To study determinants of exit from paid employment via disability, unemployment, 
and early retirement.
2. To explore the predictive value of work ability to identify persons at high risk of long-
term sickness absence. 
3. To determine the consequences of decreased work ability for health care use. 
DATASETS USED IN THIS THESIS
The analyses in this thesis are based on four cohorts: 
STREAM. A small sample of the Study on Transitions in Employment, Ability and 
Motivation (STREAM) cohort was selected for face-to-face interviews to qualitatively 
investigate reasons for early retirement (chapter 2). STREAM is a 4-year longitudinal study 
among employed, self-employed, and non-employed persons aged 45 to 64 years at 
baseline (n=15,118 at baseline) [30]. Only those who recently retired before the statutory 
retirement age of 65 years or were going to retire early in the next 6 months at the moment 
they were contacted for the interview, were eligible for the qualitative study. In total 30 
persons were interviewed using a comprehensive semi-structured interview guide based 
on the life course perspective and previously reported determinants of early retirement. 
SHARE. Data from the Survey of Health, Ageing, and Retirement in Europe (SHARE) was 
used to explore competing risk analysis to determine the relation between poor health 
and exit from paid employment via different exit routes (chapter 4). SHARE started in 2004 
aiming to gain insight into ageing and how it affects individuals in the diverse cultural 
settings of Europe [31-34]. For the study described in chapter 4, four waves of data 
collection were used representing a 6-year follow-up. Complete data was available for 
5,273 persons who were 50 years or older and had not yet reached the country specific 
retirement age at baseline. 
Prevention Compass data. In chapter 5 data collected by NIPED Research Foundation 
was used to investigate the prognostic value of the WAI for sickness absence of different 
durations. This longitudinal data with 12 months follow-up was collected among workers 
in the financial sector and was part of a larger study aiming to gain insight into the 
impact of a web-based health promotion program on absenteeism. A web based health 
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questionnaire was used to collect self-reported data on work ability and individual 
characteristics. Sickness absence was ascertained objectively using the sickness absence 
register maintained by the occupational health service. Complete information was 
available for 1,331 participants [35]. 
Baseline data from 12 Dutch healthcare organisations. This data was available 
to explore the association between work impairments and reduced work ability on 
healthcare use within workers with a musculoskeletal, cardiovascular or mental disorder 
(chapter 6). The collection of data took place via an occupational health organisation using 
an online questionnaire on health, healthcare use, work ability, and work impairments. 
Between September 2011 and July 2012 participants were enrolled. Complete data were 
available for 5,208 workers [36]. 
OUTLINE OF THIS THESIS
Objective one will be addressed in chapter 2-4. First, non-health related reasons for early 
retirement will be assessed in a qualitative study to get a more in-depth insight into why 
and how certain determinants play a role in the transition from work to early retirement 
(chapter 2). Then, in chapter 3 lifestyle-related factors will be studied as determinants of 
exit from paid employment via different routes. This will be done in a systematic review 
with meta-analyses. Last, the relation between health and exit from paid employment is 
determined with competing risk analysis. With this technique the relation between health 
and a specific exit route can be estimated more precise (chapter 4).
In chapter 5 the second research question will be answered. Here, we assess the ability of 
the WAI to discriminate between different durations of sickness absence. This is done to 
determine whether the WAI score can be used to identify high risk groups for long-term 
sickness absence. 
The third objective of this thesis is discussed in chapter 6, where the role of work ability 
and work impairments on health care use will be assessed. This will be done in three 
diseases (i.e. cardiovascular disease, mental disorders, and musculoskeletal disorders) 
which account for a large amount of health care costs in the Netherlands. 
12
REFERENCES
1. Ilmarinen JE. Aging workers. Occup Environ Med. 2001;58(8):546-52.
2. Statistics Netherlands. Meer dan de helft van de werknemers bij pensionering 65 jaar 
of ouder [More than half of the employees retire at 65 years or over]; 2015. Available 
from: http://www.cbs.nl/nl-NL/menu/themas/arbeid-socialezekerheid/publicaties/
artikelen/archief/2015/meer-dan-de-helft-van-de-werknemers-bij-pensionering-65-
jaar-of-ouder.htm.
3. van der Klink JJL, Burdorf A, Schaufeli WB, van der Wilt GJ, Zijlstra FRH, Brouwer S, et 
al. Duurzaam inzetbaar: Werk als waarde. ZonMw; 2010.
4. van Rijn RM, Robroek SJW, Brouwer S, Burdorf A. Influence of poor health on exit from 
paid employment: a systematic review. Occup Environ Med. 2014;71(4):295-301.
5. Robroek SJW, Schuring M, Croezen S, Stattin M, Burdorf A. Poor health, unhealthy 
behaviors, and unfavorable work characteristics influence pathways of exit from 
paid employment among older workers in Europe: a four year follow-up study. Scand 
J Work Environ Health. 2013;39(2):125-33.
6. Leijten FRM, de Wind A, van den Heuvel SG, Ybema JF, van der Beek AJ, Robroek 
SJW, et al. The influence of chronic health problems and work-related factors on 
loss of paid employment among older workers. J Epidemiol Community Health. 
2015;69(11):1058-65.
7. van den Berg TIJ, Elders LAM, de Zwart BCH, Burdorf A. The effects of work-related 
and individual factors on the Work Ability Index: a systematic review. Occup Environ 
Med. 2009;66(4):211-20.
8. Robroek SJW, van den Berg,TIJ, Plat JF, Burdorf A. The role of obesity and lifestyle 
behaviours in a productive workforce. Occup Environ Med. 2011;68(2):134-9.
9. Tuomi K, Ilmarinen J, Eskelinen L, Järvinen E, Toikkanen J, Klockars M. Prevalence 
and incidence rates of diseases and work ability in different work categories of 
municipal occupations. Scand J Work Environ Health. 1991;17(Suppl 1):67-74.
10. Tuomi K, Ilmarinen J, Jahkola A, Katajarinne L, Tulkki A. Work ability index. 2nd ed. 
Helsinki: Finnish Institute of Occupational Health; 1998.
11. Ilmarinen J, Tuomi K. Work ability of aging workers. Scand J Work Environ Health. 
1992;18(Suppl 2):8-10.
12. Alavinia SM, de Boer AGEM, van Duivenbooden JC, Frings-Dresen MHW, Burdorf 
A. Determinants of work ability and its predictive value for disability. Occup Med. 
2009;59(1):32-7.
13. Alavinia SM, van den Berg TIJ, van Duivenbooden C, Elders LAM, Burdorf A. Impact 
of work-related factors, lifestyle, and work ability on sickness absence among Dutch 
construction workers. Scand J Work Environ Health. 2009;35(5):325-33.
13
chapter
1
14. Alavinia SM, Molenaar D, Burdorf A. Productivity loss in the workforce: associations 
with health, work demands, and individual characteristics. Am J Ind Med. 
2009;52(1):49-56.
15. Roelen CAM, van Rhenen W, Groothoff JW, van der Klink JJL, Twisk JWR, Heymans 
MW. Work ability as prognostic risk marker of disability pension: single-item work 
ability score versus multi-item work ability index. Scand J Work Environ Health. 
2014;40:428–31.
16. Bethge M, Gutenbrunner C, Neuderth S. Work Ability Index Predicts Application for 
Disability Pension After Work-Related Medical Rehabilitation for Chronic Back Pain. 
Arch Phys Med Rehabil. 2013;94(11):2262-8.
17. Alexanderson K, Kivimäki M, Ferrie JE, Westerlund H, Vahtera J, Singh-Manoux A, et al. 
Diagnosis-specific sick leave as a long-term predictor of disability pension: a 13-year 
follow-up of the GAZEL cohort study. J Epidemiol Community Health. 2012;66(2):155-9.
18. Hultin H, Lindholm C, Moller J. Is there an association between long-term sick leave 
and disability pension and unemployment beyond the effect of health status? - A 
cohort study. PLoS One. 2012;7(4):e35614.
19. Koopmans PC, Roelen CAM, Groothoff JW. Frequent and long-term absence as a risk 
factor for work disability and job termination among employees in the private sector. 
Occup Environ Med. 2008;65(7):494-9.
20. Virtanen M, Kivimäki M, Vahtera J, Elovainio M, Sund R, Virtanen P, et al. Sickness 
absence as a risk factor for job termination, unemployment, and disability pension 
among temporary and permanent employees. Occup Environ Med. 2006;63(3):212-7.
21. Lund T, Csonka A. Risk factors in health, work environment, smoking status, and 
organizational context for work disability. Am J Ind Med. 2003;44(5):492-501.
22. Karpansalo M, Manninen P, Kauhanen J, Lakka TA, Salonen JT. Perceived health as a 
predictor of early retirement. Scand J Work Environ Health. 2004;30(4):287-92.
23. Bültmann U, Christensen KB, Burr H, Lund T, Rugulies R. Severe depressive symptoms 
as predictor of disability pension: a 10-year follow-up study in Denmark. Eur J Public 
Health. 2008;18(3):232-41.
24. Jensen LD, Ryom PK, Christensen MV, Andersen JH. Differences in risk factors for 
voluntary early retirement and disability pension: a 15-year follow-up in a cohort of 
nurses’ aides. BMJ Open. 2012;2(6):e000991.
25. American Diabetes Association. Economic Costs of Diabetes in the U.S. in 2012. 
Diabetes Care. 2013;36(4):1033-46.
26. Organisation for Economic Co-operation and Development. Total expenditure on 
health. Health: key tables from OECD; 2014. Available from: http://www.oecd-ilibrary.
org/social-issues-migration-health/total-expenditure-on-health-2014-1_hlthxp-
total-table-2014-1-en.
14
27. Slobbe LCJ, Smit JM, Groen J, Poos MJJC, Kommer GJ. Trends in Kosten van Ziekten in 
Nederland 1999-2010: Kosten per diagnose [Trends in cost of illness in the Netherlands 
1999-2010: costs per diagnosis]; 2011. Available from:http://www.kostenvanziekten.
nl/kvz2005/cijfers/start-tabellen-grafieken-volgens-zorgrekeningen/Default.
aspx?ref=kvz_v2l1b1p4r3c0i0t1j1o6y4a-1g0d254s54z0f0w2.
28. Slobbe LCJ, Smit JM, Groen J, Poos MJJC, Kommer GJ. Trends in kosten van ziekten 
in Nederland 1999-2010: kosten voor psychische stoornissen [Trends in cost of illness 
in the Netherlands 1999-2010: costs for mental disorders]; 2011. Available from: 
http://www.kostenvanziekten.nl/kvz2005/cijfers/start-tabellen-grafieken-volgens-
zorgrekeningen/Default.aspx?ref=kvz_v2l1b1p4r3c0i0t1j1o6y4a-1g0d205s54z0f0w2.
29. Slobbe LCJ, Smit JM, Groen J, Poos MJJC, Kommer GJ. Trends in kosten van ziekten in 
Nederland 1999-2010: Totale kosten [Trends in cost of illness in the Netherlands 1999-
2010: Total costs]; 2011. Available from: http://www.kostenvanziekten.nl/kvz2005/
cijfers/start-tabellen-grafieken-volgens-zorgrekeningen/Default.aspx?ref=kvz_
v2l1b1p4r0c0i0t1j1o6y4a-1g0d254s54z0f0w2.
30. Ybema JF, Geuskens GA, van den Heuvel SG, de Wind A, Leijten FRM, Joling CI, et al. 
Study on Transitions in Employment, Ability, and Motivation (STREAM): The design of 
a four-year longitudinal cohort study among 15,118 persons aged 45 to 64 years. Br J 
Med Med Res. 2014;4(6):1383-99.
31. Börsch-Supan A, Hank K, Jürges H. A new comprehensive and international view on 
ageing: introducing the ‘Survey of Health, Ageing and Retirement in Europe’. Eur J 
Ageing. 2005;2:245-5310.1007/s10433-005-0014-9.
32. Health, Ageing and Retirement in Europe. First results from the Survey of Health, 
Ageing and Retirement in Europe. Börsch-Supan A, Brugiavini A, Jürges H, 
Mackenbach J, Siegrist J, Weber G, editors. Mannheim: Mannheim Research Institute 
for the Exonomics of Aging (MEA); 2005.
33. Börsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, et al. Data 
Resource Profile: The Survey of Health, Ageing and Retirement in Europe (SHARE). Int 
J Epidemiol. 2013;42(4):992-1001.
34. The Survey of Health, Aging, and Retirement in Europe - Methodology. Börsch-Supan 
A and Jürges H, editors. Mannheim: Mannheim Research Institute for the Economics 
of Aging (MEA); 2005.
35. Niessen MAJ, Kraaijenhagen RA, Dijkgraaf MGW, Van Pelt D, Van Kalken CK, Peek 
N. Impact of a Web-Based Worksite Health Promotion Program on Absenteeism. J 
Occup Environ Med. 2012;54(4):404-8.
36. Reeuwijk KG, Robroek SJW, Hakkaart L, Burdorf A. How Work Impairments 
and Reduced Work Ability are Associated with Health Care Use in Workers with 
Musculoskeletal Disorders, Cardiovascular Disorders or Mental Disorders. J Occup 
Rehabil. 2014;24(4):631-9.


Chapter 2
‘ALL THOSE THINGS TOGETHER MADE 
ME RETIRE’: QUALITATIVE STUDY ON 
EARLY RETIREMENT AMONG DUTCH 
EMPLOYEES 
BMC PUBLIC HEALTH 2013; 13:516
REEUWIJK KG
DE WIND A
WESTERMAN MJ
YBEMA JF
VAN DER BEEK AJ
GEUSKENS GA
18
ABSTRACT
Background
Due to the aging of the population and subsequent higher pressure on public finances, 
there is a need for employees in many European countries to extend their working lives. 
One way in which this can be achieved is by employees refraining from retiring early. 
Factors predicting early retirement have been identified in quantitative research, but little 
is known on why and how these factors influence early retirement. The present qualitative 
study investigated which non-health related factors influence early retirement, and why 
and how these factors influence early retirement.
Methods
A qualitative study among 30 Dutch employees (60–64 years) who retired early, i.e. before 
the age of 65, was performed by means of face-to-face interviews. Participants were 
selected from the cohort Study on Transitions in Employment, Ability and Motivation 
(STREAM).
Results
For most employees, a combination of factors played a role in the transition from work 
to early retirement, and the specific factors involved differed between individuals. 
Participants reported various factors that pushed towards early retirement (‘push factors’), 
including organizational changes at work, conflicts at work, high work pressure, high 
physical job demands, and insufficient use of their skills and knowledge by others in the 
organization. Employees who reported such push factors towards early retirement often 
felt unable to find another job. Factors attracting towards early retirement (‘pull factors’) 
included the wish to do other things outside of work, enjoy life, have more flexibility, spend 
more time with a spouse or grandchildren, and care for others. In addition, the financial 
opportunity to retire early played an important role. Factors influenced early retirement 
via changes in the motivation, ability and opportunity to continue working or retire early.
Conclusion
To support the prolongation of working life, it seems important to improve the fit between 
the physical and psychosocial job characteristics on the one hand, and the abilities 
and wishes of the employee on the other hand. Alongside improvements in the work 
environment that enable and motivate employees to prolong their careers, a continuous 
dialogue between the employer and employee on the (future) person-job fit and tailored 
interventions might be helpful.
Key words
Early retirement, Pull factors, Push factors, Qualitative study
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BACKGROUND
Similar to other European countries, the average retirement age has increased from 60.9 
years in 2001 to 63.1 years in 2011 in the Netherlands [1]. Despite this increase, many 
workers still retire before the official retirement age of 65 years. Currently, the general 
population is aging because of decreasing birth rates [2] and increasing longevity [3]. 
Moreover, the baby boom generation has started to leave work. The increasing ratio 
of retired persons to the working age population puts pressure on the social security 
systems in many European countries [4]. For example, in the Netherlands it is estimated 
that the costs of the General Old Age Pension Act (AOW) will increase from the current 27 
billion euros to 47 billion euros in 2040 [5]. Thus, there is a societal need for workers to 
extend working life.
A transition from work to (non-disability) retirement before the age of 65, i.e. early 
retirement, can be seen as influenced by so-called push and pull factors [6]. Push factors 
are defined as negative circumstances that lead to early retirement, such as poor health 
or lack of job satisfaction [6]. In a recent review of longitudinal studies on determinants 
of early retirement, poor health and high physical and psychosocial work demands 
were identified as risk factors for early retirement [7]. These findings from quantitative 
studies were confirmed in focus groups with employees working in the printing industry 
[7]. Pull factors are defined as positive factors that attract an individual towards early 
retirement, such as the desire to spend more time on volunteer work or leisure time 
activities [6]. In a study conducted among waste collectors and municipal workers, 
having a partner also increased the likelihood of retiring early [8]. In addition to push and 
pull factors, the employees’ skills and knowledge may influence the transition to early 
retirement. Provision of and participation in education and training has been associated 
with a reduced intention to retire early and actual retirement behavior [9,10]. Moreover, 
in previous research it has been shown that pension systems offering generous early 
retirement options encourage early departure from the labor market [11]. Hence, health, 
work-related factors, skills and know- ledge, social factors, and financial factors may 
influence the transition from work to early retirement.
Despite the current public debate on extending working life, relatively few studies have 
been performed that explore the factors that influence transitions to early retirement. As 
a consequence, some push or pull factors may have been overlooked. This is especially 
true since many of the available studies did not investigate early retirement, but the 
intention to retire early [7,12,13]. Factors that influence the intention to retire may differ 
from those that influence actual retirement [14]. In addition, although a variety of factors 
that predict earl retirement have been identified in quantitative studies, little is known 
on why these factors push or pull individuals to retire early and how they influence the 
retirement process. This knowledge may contribute to the development of interventions 
that aim to prolong working life and thus may contribute solutions to the challenges 
posed by our aging population. Therefore, the present study aimed to explore reasons for 
retirement before the age of 65 in Dutch employees. Specifically, we investigated which 
20
non-health related factors influence early retirement, and why and how these factors 
influence early retirement.
METHODS
Design and study population
The present study was part of a larger qualitative investigation on why persons retire 
early. The role of health in early retirement was extensively described elsewhere [15].
Face-to-face semi-structured interviews with Dutch employees who retired early were 
conducted. Early retirement referred to retirement before the official retirement age 
of 65. Persons who left the workforce due to (partially) compensated work disability or 
unemployment were excluded, since previous research suggests that different factors 
underlie these transitions out of work [16].
Participants were selected from the Study on Transitions in Employment, Ability and 
Motivation (STREAM). The aim of this prospective cohort study is to identify under which 
circumstances persons aged 45 to 64 years prolong their working life, while maintaining 
good health and good work productivity [17]. Persons were eligible for the present study 
if (a) they had given permission in the STREAM 2010 questionnaire to be contacted for 
additional research, (b) had a paid job as an employee at the time of STREAM 2010, (c) had 
retired before the age of 65 in the last 12 months in 2011, or were going to retire early in the 
next six months and already formally arranged this with their employer when contacted 
about the inter- view, and (d) were aged 58 to 64 years at the time of the interview.
To ensure heterogeneity in the study population, participants were purposefully selected 
[18] based on age, educational level, and their intention to retire assessed in the STREAM 
2010 questionnaire. We selected on age, since different reasons might underlie retirement 
in those who retired at a relatively young age (e.g. 59 years) compared to those who 
retired at a higher age (e.g. 64 years). Similarly, educational differences in reasons of early 
retirement may exist, e.g. due to exposure to different physical and psychosocial working 
conditions. The intention to retire was assessed with one question in the STREAM 2010 
questionnaire, i.e. ‘Are you planning to stop working in the next 12 months?’. This item 
could be answered on a 5-point Likert scale ranging from ‘certainly not’ to ‘certainly’. 
Persons who answered ‘maybe’, ‘probably’ or ‘certainly’ were eligible for the present 
study. We selected purposefully on the intention to retire to assure that both persons in 
which longstanding processes and persons in which more sudden events influenced early 
retirement were included.
In total 620 of the 15,118 persons included in STREAM gave permission to be contacted 
for additional research, were employed in 2010, and were aged 58 to 64 at the time of the 
interview (Figure 1). After purposeful sampling on age, education level, and intention to 
retire in 2010, 221 persons were contacted by telephone between July 2011 and October 
2011 to check whether they met the inclusion criteria. The aim and content of the interview 
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study was explained and their willingness to participate in a face-to-face interview was 
checked. Eighty-eight persons did not meet the selection criteria. They had either not 
retired yet, or retired early due to compensated work disability. In total 91 persons could 
not be reached by telephone. These persons were called at least once again after one or 
two weeks, but could still not be reached. Twelve persons were unwilling to participate. 
Reasons were personal circumstances (N=4), no time (N=2), unwillingness to talk about 
work history and early retirement (N=2), and miscellaneous reasons (N=4). Participants 
were enrolled in the present study by clusters of two to six persons at the same time. In 
total 30 persons who were eligible and gave permission for an interview were included.
Eligible study 
population
N=620
Called by 
telephone
N=221
Willing to 
participate
N=30
Included in 
present study
N=30
Not called by 
telephone
N=399
Did not meet 
inclusion criteria*
N=88
Could not be 
reached by 
telephone
N=91
Unwilling to 
participate
N=12
STREAM T1
N=15,118
*i.e. did not retire yet, retirement due to compensate work disability
Figure 1. Study population.
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Interview guide
Prior to the beginning of the study, a comprehensive semi-structured interview guide was 
created based on the life course perspective [19] and determinants of early retirement 
according to the literature (appendix 1). The life course perspective considers transitions 
from work to retirement as a part of the life course. The processes leading to the transition 
are influenced by someone’s individual history and characteristics, and the context 
of the transition. The life course perspective has previously been used to understand 
how persons experience (the transition to) retirement [19]. According to the literature, 
transitions towards early retirement may be influenced by determinants in the following 
domains: health, work-related factors, skills and knowledge, social factors, and financial 
factors [6-11]. The interview guide was tested by means of three role plays of the inter- 
viewer with other researchers involved in this study. Subsequently, more examples of in-
depth follow-up questions were include in the interview guide.
Interview procedure
The interviews were carried out by the second author (AdW). The interviewer was familiar 
with interview techniques, such as clarification, paraphrasing, and summarizing. During 
most of the interviews, a second interviewer was present who took notes (KR or DR). The 
interviewers did not have a prior relationship with any of the participants. The interviews 
were carried out in participants’ homes throughout The Netherlands, except for one 
person, who, upon request, was interviewed at work. Interviews were digitally recorded. 
All participants agreed to this procedure.
Before the start of the interview, the interviewer introduced herself, and again explained 
the aim and content of the interview and subsequent study. Anonymity and confidentiality 
were assured. Hereafter, open-ended questions were postulated, pertaining to six topics 
(appendix 1). The first part was aimed at getting acquainted with the interviewee and 
focused on the personal and home situation. The second part was about the person’s 
work history and job-job transitions. Together with the participant, the interviewer 
created a timeline of the interviewee’s work history and other important (positive or 
negative) events, such as education, marriage, divorce, birth, death of family or friends, 
and periods of illness. The third part focused on the reasons why an interviewee had 
retired early, or had made arrangements to do so. Understanding of these reasons was 
gained through in-depth follow-up questions. The fourth part focused on the timing of the 
transition from work to early retirement. The fifth part focused on circumstances under 
which the interviewee would have prolonged his or her working life. The sixth part of the 
interview concentrated on satisfaction with the transition from work to early retirement. 
In addition, participants described how they perceived their life in the coming years.
On average interviews lasted 80 min (range: 40–156 min). During 9 interviews non- 
participants were present (spouse (N=7), spouse and daughter (N=1), and granddaughter 
(N=1)). In one interview the spouse helped the respondent come up with ideas about what 
was asked. In two interviews the spouse interfered substantially. Issues brought up by 
these spouses were interpreted with caution in the analysis.
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Analysis
Analysis of the interviews took place in four steps and in Dutch. First, the interviews were 
transcribed verbatim. All interviews were listened to at least twice and com- pared with the 
transcriptions to check accuracy. Second, 10 interviews were independently summarized 
using transcriptions and field notes, and were open-coded by AdW and KR. The aim of this 
step was to understand why and how the transition from work to early retirement had 
taken place for these persons. Afterwards, AdW and KR discussed summaries, timelines, 
and codes extensively until consensus was reached about the factors involved in early 
retirement, and why and how these factors influenced early retirement. If AdW and KR 
could not reach consensus by comparing their arguments, a third person was consulted 
and decisive (MW or GG). In the third step, the remaining 20 interviews were summarized, 
and open-coded by either AdW or KR. Summaries and coded interviews were cross-
checked, and AdW and KR regularly met to discuss findings. During these meetings, data 
saturation was monitored. No new information on reasons of early retirement was derived 
from the last cluster of five interviews, i.e. from interview 26 to 30. In the fourth step the 
aim was to investigate how and why the transition to early retirement had taken place in 
more detail. KR extracted the part in all interview transcriptions in which the transition 
to early retirement was addressed, and open coded these parts in more detail. These 
detailed codes were discussed with AdW, and clustered deductively into coding families 
according to the domains identified in the literature (i.e. health, work-related factors, 
skills and knowledge, social factors and financial factors) [20]. If codes did not fit into 
these existing coding families, new coding families were defined, i.e. inductive coding [20].
Parallel to the four steps described above, AdW and KR regularly met to compare 
interviews on a thematic level. Leading questions during these discussions were: (a) what 
similarities can be identified between interviewees’ experiences?, and (b) why did certain 
processes take place in some persons, but not in others? To enhance robustness of the 
findings, main results were also discussed with other project members (MW and GG). In 
order to manage the data of the interviews, the computer package for qualitative analysis 
Atlas.ti 6.1.17 [21] was used.
Ethical considerations
The Medical Ethics Committee of the VU University Medical Center Amsterdam declared 
that no ethical approval was needed to conduct this study. Informed con- sent was 
obtained verbally from all participants during the telephone conversation in which 
persons were invited for the interview.
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RESULTS
Characteristics of the study population are reported in Table 1. The participants’ jobs 
before retirement varied and included both blue and white collar jobs, such as mechanic, 
manager, and teacher. Different reasons for early retirement were reported, namely 
factors that pushed employees out of work to early retirement, factors that pulled 
employees towards early retirement, and financial factors. An overview of these factors is 
presented in Figure 2. In most persons an interplay of factors played a role.
Table 1. Characteristics of the study population
Characteristic Total sample (N=30)
Women N (%) 6 (20%)
Age (years) Median (range) 62 (60–64)
Retirement age (years) Median (range) 61 (60–64)
Education level
Low N (%) 12 (40%)
Moderate N (%) 4 (13%)
High N (%) 14 (47%)
N = number of participants.
Factors that pushed towards early retirement
Work
Work-related factors were frequently described as a reason for early retirement (Figure 2). 
Changes in the work organization, e.g. restructuring, often preceded early retirement. One 
man (64), who worked in the welfare sector, reported that after recurrent restructuring, 
the department he worked for closed down. He felt that due to his age, he would be 
unable to find a new job. He had been rejected one year earlier for another position (“But 
yeah, then they want some young person”). In his view, due to this lack of opportunities, 
retirement was unavoidable. When he was asked why he had retired before the age of 65, 
he answered:
“Well, there was no perspective anymore. As of July 1st the department I worked in was 
closed.”
Another man (61), who worked as a mechanic, reported that when enterprise restructuring 
occurred, his employer played a substantial role in his early retirement process. His 
employer decided not to fire him, but to offer an early retirement arrangement:
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“Last year I was almost fired due to a reorganization but then administration said […] as 
of next year he can already retire early, and receive his pension, firing him will take a few 
months anyways so we might as well just keep him. Well that’s what they did then.”
In addition to large organizational changes, continuous changes in the way work needed 
to be done was reported as a reason for early retirement. Employees became tired of 
continuous changes in work tasks and the need for these changes was not always fully 
understood. This decreased their motivation to continue working.
Conflicts at work were mentioned as a reason to leave the workforce before the age of 65 
as well. A woman (64), who had an administrative job, described that she did not enjoy her 
work as much as she had before when a conflict with her colleagues arose. She explained:
“Couldn’t get on that well with my colleagues. Or they couldn’t get on with me […] 
sometimes it clashed […] that was very unpleasant, no, not nice at all.”
Furthermore, high work pressure and physically demanding work were reported as push 
factors for early retirement, because they reduced the ability to continue working until 
an older age in a particular job. A technician (60), who worked offshore in engine rooms 
of freighters and oil rigs around the world, explained that the physical burden of his job 
did not allow him to continue working until the age of 65. Although he was given the 
opportunity to get an office job as a clerk, he was not willing to perform this type of work. 
He was offered a favorable financial arrangement by his employer and retired early. He 
argued:
“When I was around 40 I already noticed […] the first of the wear and tear. And then you 
think, guys, I won’t make it to 65.”
Skills and knowledge
Factors related to skills and knowledge were mentioned as push factors towards early 
retirement. Some employees were not willing to invest in their careers any- more, and, 
for example, retired early before they had to take a new course or training. Others 
described that they were dissatisfied with the limited use of their skills and knowledge, 
which decreased their motivation to work for the company, and pushed them out of 
the workforce. A man (64) who worked in the welfare sector argued that he had a lot of 
knowledge that, he felt, was not sufficiently used by his supervisors:
“I had a lot more knowledge than others […], so from their point of view […] I would have 
said: make use of that. I was actually ‘used’ way too little […], and that of course also 
gives a certain negative feeling […], and then you give up earlier.”
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Figure 2. Factors involved in early retirement.
Factors that pulled towards early retirement
Desire for freedom
Many respondents described that they wished to do other things outside of work, wanted 
to enjoy life, or looked forward to more flexibility in their life. As these wishes gained 
importance, respondents became less motivated to continue working and were more 
attracted to early retirement. A woman (60) who worked as a physical therapist explained:
“And also enjoying yourself. I think that with physical therapy work you are really inflexible, 
[…] for people with office jobs […] with nice weather they can say I’m taking the afternoon 
off, going to the beach, well we couldn’t do that because you were fully booked and the 
following week as well. So I think it’s really restricting.”
A 62 year old economics teacher said:
“I think that after working for 40 years it’s now time for other things. And aside from that I 
wanted something else, I wanted to be more flexible with my time.”
Importance of family and friends
Respondents mentioned that as they got older, spending time with family or friends became 
more important to them. An older or non-working spouse often pulled the employee 
towards early retirement, since respondents wished to spend more time together. A 
woman (60), who worked in the health care sector her whole career, emphasized:
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“The fact that (my partner) is 10 years older than I am is decisive for my stopping work at 
an earlier age […], if I want to do fun things, then I shouldn’t keep working until I’m 65.”
Some persons were attracted to early retirement because they wished to take care of a 
partner, family member (e.g. grandchild), or friend. A primary school teacher (female, 61) 
described:
“And by now I have grandchildren. That is also one of the reasons that I stopped a little 
sooner, because I’m going to be babysitting soon.”
Financial factors
In addition to the ‘push’ and ‘pull’ factors towards early retirement described above, 
financial factors influenced early retirement (Figure 2). Most employees had the 
opportunity to opt for early retirement schemes (e.g. financial arrangements provided by 
the employer or sector, flexible early retirement schemes), which made early retirement 
accessible. Others saved money to facilitate an early exit from working life. In some 
persons, financial opportunities to retire early became important in the context of 
other push and pull factors, whereas financial opportunities played a more direct role 
for others. In all cases, the financial opportunity to retire early was essential in the final 
decision to leave the workforce before the age of 65. Some described that they had known 
for years at what age they would qualify for early retirement arrangements and changed 
their mindset accordingly. A man (60), who worked in the police force, explained:
“I knew during my contract time that I could retire at 60 […] then it turned into 62, but if 
you participated in the life-course savings scheme you could do it early.”
A trouble-shooter in machine construction (61) who enjoyed his job, described his financial 
opportunity to retire as follows:
“The Social Benefit taxes that I paid, that bag of money was laying there. I can use that 
and if I don’t, then at 65 it’s gone […] that money that I saved […] all those years, someone 
else will use it. And then I say, no that is my money, I’m using it.”
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DISCUSSION
For most employees, a combination of factors played a role in the process towards early 
retirement, although the specific factors involved differed between individuals. Push 
factors towards early retirement included, among others, organizational changes at work, 
conflicts at work, high work pressure, high physical job demands, and dis- satisfaction 
with the limited use of one’s particular skills and knowledge. Pull factors towards early 
retirement included the wish to do other things outside of work, enjoy life, have more 
flexibility, spend more time with a spouse or grandchildren, and care for others. In addition, 
the financial opportunity to retire early played an important role for all respondents.
Our findings on the influence of work-related factors, the wish to do other things outside 
of work, and financial factors are in line with previous qualitative and quantitative studies 
on early retirement [7,12]. The present study also identified an additional factor, namely 
insufficient use of older workers’ skills and knowledge. Moreover, the present study 
provided new insights into how and why different factors influenced early retirement. 
Push factors towards early retirement seemed to cause early retirement via a decrease in 
motivation, ability, and opportunity to continue working. For example, insufficient use of 
skills and knowledge decreased a per- son’s motivation to continue working and physically 
demanding work reduced an employee’s ability to continue working until the age of 65. 
Our results suggest that employees who felt unable to find a new job due to their age when 
confronted with a push factor experienced a reduced opportunity to continue working, 
and as a con- sequence, retired early. In line with this, earlier studies have shown that 
age discrimination impacts the opportunity for older workers to remain in or re-enter the 
workforce [22]. Pull factors towards early retirement, such as spending more time with a 
significant other, mainly influenced early retirement via an increased motivation to retire 
early. Moreover, financial factors, such as favorable retirement schemes, importantly 
influenced the opportunity to retire before the age of 65.
In line with previous research [23], the process to- wards early retirement appeared to 
be multi-factorial and was frequently not determined by one single factor. This suggests 
that interventions and policies should not focus on one factor but integrate measures 
on a combination of relevant factors. When ranking the relative importance of factors 
involved in the early retirement process, financial factors appeared to be most important 
and were often a precondition for early retirement. Push and pull factors seemed of 
equal importance for early retirement in our study population. We recommend that 
future quantitative research investigates the relative importance of factors involved in 
early retirement in different groups of workers to shed more light on the potential of 
interventions.
Since different factors played a role for different persons, it seems that especially 
interventions tailored to the individual and the specific working conditions may support 
the prolongation of working life. Work-related interventions can address both push and 
pull factors, though the intervention potential may differ between these factors. Push 
factors towards early retirement can be targeted directly, whereas pull factors relate 
to private life, and hence, can only be accommodated. With respect to push factors, 
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work-related interventions could include measures that improve working conditions 
such as work pressure, social climate and use of individual’s knowledge. The impact of 
organizational and task-related changes on early retirement stresses the importance of 
a working environment that supports maintaining a high employability and flexibility 
throughout employees’ careers. With respect to pull factors, work-related interventions 
are recommended to include measures that match working conditions with factors pulling 
individuals to- wards early retirement [24,25]. Flexible working hours could for example fit 
with the wish to spend more time with a spouse or take care of others and maintain a 
satisfactory work-life balance. To ensure a good fit between the demands of the job and 
the ability and wishes of the employee, a dialogue between employers and employees 
may be helpful from an early phase in the career onwards. Due to the aging of the 
population and changes in retirement scheme regulations, early retirement schemes will 
become financially less favorable in the Netherlands in the near future. As a consequence, 
the opportunities to leave the workforce early will decrease. Most participants in this 
study still had the opportunity to opt for favorable retirement schemes, and it would be 
interesting in future research to explore whether reasons for early retirement will shift 
when these arrangements become less accessible. It could be hypothesized that push 
factors towards early retirement will gain importance relative to pull factors such as the 
wish to do other things outside of work. However, in the present study, employees who 
could financially afford to retire early in order to focus on other aspects of life experienced 
this as a positive outcome. Besides, it could be hypothesized that some employees may 
leave the work force via different pathways in the future, e.g. unemployment. These 
potential consequences further necessitate improvements in the working environment 
including flexible working arrangements, policies supporting employability (e.g. skills), 
and improvements in labor market opportunities for older persons. Another area that 
could be further researched is on how to balance the societal need to prolong working life 
due to the aging of the population and the older worker’s preferred work-life balance. This 
is especially important because satisfaction with the job relates to health and well-being 
[26]. Future research on early retirement also needs to take the employers perspective into 
account; employers may, for example, be confronted with costs associated with the loss of 
older skilled workers and recruitment of new workers, but also with costs associated with 
retention of older workers.
The qualitative character of the present study was considered a strength, since it 
allowed us to gain insight into how various factors led to early retirement. This method 
also allowed respondents to report important factors that were not yet identified in the 
literature and played a role in their retirement process. Another strength of the current 
study was the study population, since only employees who had retired early, or already 
formally arranged with their employer to do so within six months, were included. Hence, 
actual early retirement was explored rather than the intention to retire early.
The present study also has some limitations. Firstly, in qualitative studies the researcher 
is an important instrument in data collection and analysis [27], which may have influenced 
the findings. Therefore, analysis of the interviews was predominantly done by two persons. 
Moreover, to ensure robustness of findings, members of the project team discussed 
data quality and results. Secondly, during the interviews, persons looked back at their 
30
transition from work to early retirement. There is a risk of recall bias and transformation 
of the ‘real’ story, since persons may not remember facts correctly or may be influenced 
by psychological processes, such as cognitive dissonance. The interviewer used in-depth 
follow-up questions to validate interviewees’ answers. Moreover, to prevent biased results 
we checked for inconsistencies in the stories and interpreted these parts with caution. 
Thirdly, during some interviews a spouse, daughter, or granddaughter was present. 
This may have influenced the participants’ answers. To limit bias, issues brought up by 
non-participants were interpreted with caution in the analysis. Fourthly, in the present 
study, differences between subgroups, e.g. gender and educational level, could not be 
investigated. Fifthly, it should be acknowledged that country specific pension systems may 
influence both the accessibility and factors involved in early retirement. This might limit 
the generalizability of (some of) our findings to other (non-European) countries. Finally, 
before retirement, some persons had expected to miss pleasant aspects of working life 
including social contacts with colleagues, day rhythm, and appreciation (i.e. pull factors 
towards work). This made the decision to retire early tough. However, we were unable to 
identify reasons to continue working life, since we did not include employees who stayed 
in the workforce until the age of 65 years in the present study.
CONCLUSION
In conclusion, this study found that the process towards early retirement is multi-factorial. 
Apart from financial incentives, the prolongation of working life may be supported by 
improving the fit between the physical and psychosocial job characteristics on the 
one hand and the abilities and wishes of employees on the other hand. Work-related 
interventions that enable and motivate employees to prolong their careers may include 
measures that reduce physical and psychosocial load, support employees in coping with 
organizational changes and maintain employability, support the use of older workers’ 
skills and knowledge, and offer the opportunity to perform activities outside of work (e.g. 
flexible working hours). Tailored interventions seem especially important, since a different 
combination of factors resulted in early retirement for different persons. Therefore, a 
continuous dialogue between employers and employees on the (future) person-job fit and 
tailored interventions might be helpful in promoting prolonged working lives for older 
employees.
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APPENDIX
Interview guide
I. Background information
1. To get to know you a little bit better, I would like you to tell me something about 
yourself…
• What is your home situation like?
• What kind of family do you come from?
II. Work history
2. Could you describe what types of jobs you have had in the past?
Draw, with the interviewee, his/her career history on a timeline.
If respondent mentions different jobs:
3. What was the reason for the job change?
• Why?
• Since when?
• What triggered this?
• How did this happen?
4. For what reasons did you work in this job for x years?
If respondent mentions one job
5. For what reasons did you work in this job for x years?
6. Did you work part-time or fulltime?
7. What is your educational background? Do you have any diplomas?
8. Could you mention something about your home situation during your career?
9. Did you participate in any activities outside of work, such as hobbies, volunteer work, 
or taking care of others?
• How important were those activities to you?
10. How important was work to you?
11. Did this change throughout the years?
• Why?
34
• Since when?
12. Could you describe your most recent job?
III. Reasons for retiring early
13. What were reasons for you to retire early?
If someone mentions (changes in) health (examples):
What kind of health problems did you have?
• Since when?
• For what reason didn’t you continue working with the health problems?
If someone mentions (changes in) work stress or work- related tasks (examples):
Why did your work become more stressful?
• Since when?
• Why was that?
How did you experience it when teams were combined?
• Why was that?
How did you experience it when you got a new team leader?
• Why was that?
If someone mentions (changes in) how their skills and knowledge matched with the job 
demands (examples): 
How did you experience it when you could not keep up with new developments?
• Since when?
• Why was that?
If someone mentions (changes in) the social situation (examples):
How did you experience it when your partner stopped working?
• Why was that?
How did you experience it when you became a grand- mother/grandfather?
• Why was that?
If someone mentions (changes in) financial situation (examples):
How did you experience it that you were financially able to stop working sooner?
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• Why was that?
• How were you able to?
How did you experience it that you were offered an appealing financial incentive from 
your employer?
• Why was that?
If someone mentions (changes in) the ability to work (examples):
Why were you no longer able to work?
• Since when?
• Why weren’t you able to work anymore since then?
If someone mentions (changes in) their motivation to work (examples):
Why did your motivation to work change?
Why did your work become less/more important to you?
• Since when?
• Why did your motivation to work change at that moment?
Why were you no longer satisfied at work?
• Since when?
• Why were you no longer satisfied at work at that moment?
If someone mentions (changes in) their opportunity to work (examples):
Why was there no longer an opportunity for you to work?
• Since when?
• Why did you perceive a decrease in the opportunity to continue working?
14. You mentioned several reasons why you retired early.
The interviewer summarizes these reasons.
• Is this correct?
• Are there any other important reasons for which you retired early?
15. What were the most important reasons for you to retire early?
16. From the literature we know that aside from …, and …, other factors can also play a 
role in early retirement decisions.
Fill in blanks on the basis of the interview.
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If health was not mentioned:
For example, health. If you look back, did health play a role in your early retirement?
If work-related factors were not mentioned:
For example, work-related factors. If you look back, did work-related factors play a role 
in your early retirement?
If skills and knowledge were not mentioned:
For example, skills and knowledge. If you look back, did skills and knowledge play a 
role in your early retirement?
If social factors were not mentioned:
For example, social factors. If you look back, did social factors play a role in your early 
retirement?
If financial factors were not mentioned:
For example, financial factors. If you look back, did financial factors play a role in your 
early retirement?
If ability was not mentioned:
For example, sometimes people are no longer able to work. If you look back, did this 
play a role in your early retirement?
If motivation was not mentioned:
For example, sometimes people are no longer motivated to continue working, or they 
no longer want to continue working. If you look back, did this play a role in your 
early retirement?
If opportunity was not mentioned:
For example, sometimes people no longer had the opportunity to continue working. If 
you look back, did this play a role in your early retirement?
IV. Timing of the transition
If someone retired early within the past 12 months:
17. On xx-xx-xxxx you retired early. Why did you retire at that moment specifically?
• Why not sooner?
• Why not later?
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18. Why did the factors that you mentioned before lead to your retiring at that moment?
OR You mentioned that x, x, and x played a role in your retiring early. Did something change 
in those factors that led you to retire on xx-xx-xxxx?
19. After you decided to retire early, you still worked x months. What kind of expectations 
did you have of those last x months?
20. To what extent were those expectations of the last × months accurate?
If someone will retire early within the next 6 months:
21. On xx-xx-xxxx you are going to retire early. Why are you retiring on that moment 
specifically?
• Why not sooner?
• Why not later?
22. When did you and your employer discuss your retiring early?
23. Could you explain how that went?
• Who initiated the process?
• Why was the process initiated?
• How long did this take?
24. Why did you then decide that you would keep working x months?
• Why not longer?
• Why not shorter?
V. Circumstances under which one would have continued working
25. If you could have decided yourself, would you have retired early on xx-xx-xxxx, or 
would you have worked longer or shorter?
• Why?
26. Did it feel like it was your own decision to retire early?
• Why?
27. Are there any circumstances under which you would have continued working? Under 
which circumstances would you have continued working?
If someone mentions circumstances:
28. Why would you have worked longer under those circumstances?
If someone doesn’t mention circumstances
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29. Why did you not want to/could you not continue working?
If someone mentions multiple circumstances (question 3):
30. You mentioned various circumstances under which you would have continued working. 
The interviewer summarizes these. Is that correct?
• Which circumstances were most important?
VI. Current situation and future
If someone retired early within the past 12 months:
31. You have now been retired for x months. How do you feel about it?
32. What were your expectations about early retirement?
33. To what extent does your early retirement compare to these expectations?
34. Now I have another very open question to conclude with. How do you feel about the 
future?
• Do you see this as a positive thing?
• Do you have plans for the future?
If someone will retire early within the next 6 months:
35. In x months you will retire early. What are your expectations about these upcoming 
months?
36. Soon you will retire early. What are your expectations about early retirement?
37. Now I have another very open question to conclude with. How do you feel about the 
future?
• Do you see this as a positive thing?
• Do you have plans for the future?
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ABSTRACT
Objectives
The objective of this review was to analyze systematically the association between 
overweight, obesity, and lack of physical activity (PA) and exit from paid employment 
through disability pension, unemployment, and early retirement. We also aimed to 
identify the influence of study population and study design on the magnitude of this 
association.
Methods 
We searched PubMed and Embase for English language, longitudinal, quantitative studies 
that described the relationship between overweight, obesity, or lack of PA and exit from 
work. A short checklist was used to assess the internal and external validity of the studies. 
We first estimated the pooled effects using a random effects model and then analyzed 
the influence of study and population characteristics on associations by stratified meta-
analyses.
Results 
In total, 28 out of 1097 publications met the inclusion criteria. Obese [relative risk (RR)=1.53] 
and, to a lesser extent, overweight (RR=1.16) individuals had an increased likelihood of exit 
from paid employment through disability pension, but were not at statistically significant 
increased risk for unemployment or early retirement. Of 17 associations between a lack 
of PA and disability pension, 8 were statistically significant; this was also the case for 2 of 
3 for unemployment. No associations were statistically significant for early retirement.
Conclusions 
Obesity is a risk factor for exit from paid employment through disability pension. There 
are also indications that a lack of PA is related to an increased risk of disability pension 
and unemployment. To protect workers against premature exit from paid employment, 
long-term interventions to prevent overweight and obesity and promote PA in the working 
population should be considered for implementation.
Key words
Disability pension; early retirement; systematic review; unemployment
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BACKGROUND
Life expectancy is steadily increasing in developed countries. Governments are seeking 
to increase the proportion of elderly persons in paid employment by both extending 
working life through a higher official retirement age and preventing premature exit from 
paid employment. Therefore, many policies and programs are introduced to improve 
sustainable employability. In order to develop successful interventions to reduce 
premature exit from paid employment, insights into important modifiable risk factors 
for exit from paid employment are needed. From previous studies it is known that poor 
health is an important determinant of exit from paid employment, particularly due 
to disability pension [1]. Furthermore, poor health has also been found to increase the 
likelihood of labor force exit into unemployment and early retirement [1]. However, less is 
known about the role of important modifiable behavioral and social risk factors for poor 
health, especially lack of physical activity (PA) and obesity, in displacement from the labor 
force through disability pension, unemployment, and early retirement. Recent studies 
have shown that a lack of PA and obesity are important risk factors for productivity loss at 
work [2], sickness absence [2], and reduced work ability [3]. Numerous health promotion 
programs for healthier lifestyle have been offered to employees. These programs are also 
often evaluated in terms of health and productivity. In recent years, several systematic 
reviews have been conducted that corroborate the influence of lifestyle-related factors, 
mainly obesity, on productivity loss at work [4–6], and sickness absence [5–8]. However, 
there is less insight into the particular role of these factors on different routes of premature 
exit from paid employment.
A systematic review of 16 cross-sectional and longitudinal studies reported that a higher 
body mass index (BMI) was significantly associated with disability pension [9]. The 
potential contribution of overweight, obesity, and lack of PA to unemployment and early 
retirement is less well known.
In order to understand and quantify the importance of these factors on different labor 
market exit pathways, the literature needs to be synthesized. Hence, we conducted 
a systematic review and meta-analysis. The aims were to (i) describe the influence of 
overweight, obesity, and lack of PA on exit from paid employment through disability 
pension, unemployment, and early retirement, and (ii) identify the influence of study 
population and study design on the magnitude of this association.
METHODS
Identification of the studies
Relevant articles were identified by means of a computerized search in the bibliographic 
databases PubMed, Embase, and Web of Science up to 31 December 2012. The search 
terms were related to (i) a lack of PA or over- weight/obesity, (ii) early retirement or 
unemployment or disability pension, and (iii) a longitudinal design. The detailed search 
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for each bibliographic database can be found in appendix A. To be included, articles had 
to meet the following criteria: (i) describe the relationship between overweight, obesity, 
or lack of PA and exit from paid employment through early retirement, unemployment, 
or disability pension; (ii) study this relationship in a longitudinal design; (iii) express 
the strength of the relation in a quantitative measure or provide sufficient information 
to calculate a quantitative measure and corresponding confidence interval; and (iv) be 
written in English. Studies on specific patient populations were excluded from this review.
Selection
The first author performed the literature search and selected titles and abstracts. A broad 
selection of studies was used so that we could include studies in the screening that did not 
primarily focus on the risk factors overweight, obesity, or lack of PA, but rather included 
these factors as confounding factors. Subsequently, the second author selected the 
fulltext articles to be included in the meta-analysis. In case of doubt, the first author was 
consulted. Figure 1 shows the flow of the articles throughout the inclusion process. Based 
on title and abstract, 990 of 1097 articles (90%) were discarded because 818 abstracts 
(75%) did not describe exit from paid employment as an outcome, 156 abstracts (14%) 
did not study the role of lifestyle-related factors on exit from paid employment, and 16 
abstracts (1%) did not describe a longitudinal study. In total, 107 articles were retrieved 
for full review of which 79 were excluded (74%) for various reasons (see figure 1). In case 
of duplicate use of data sets, the study providing the most complete information was 
chosen. Finally, 28 articles (3%) met our inclusion criteria.
Data extraction
The first author extracted information on population characteristics (sex, age, country 
of study), study characteristics (number of participants, length of follow-up), occurrence 
of exit from paid employment and the magnitude of the association with corresponding 
confidence intervals. When more associations were presented within a study, the maximal 
adjusted association was chosen.
Quality evaluation
The methodological quality was assessed according to an abbreviated version of the 
Methodological Evaluation of Observational Research checklist [10]. Criteria for quality 
assessment in this systematic review addressed four items on internal (response, 
subject flow) and external validity (adjustment for confounding factors, loss to follow-
up), whereby each criterion was scored as 1 (sufficiently met), 0 (insufficiently met or 
lack of essential information). The contrast in measurements is restricted to objective or 
subjective measurement of determinants and outcomes since all included studies derived 
comparable information. Therefore, no additional information concerning measurement 
quality will be presented. The detailed information on quality aspects is presented in 
appendix B.
Data synthesis and data analysis
The first step in the meta-analysis was to estimate the pooled effects using an excel spread 
sheet for pooling of relative risks [11]. Due to observed heterogeneity (heterogeneity 
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statistics I2 >50% for disability pension) between studies, a random effects model was 
used in the meta-analysis on reported hazard ratios (HR), odds ratios (OR), and relative 
risks (RR). These measures of association were used interchangeably and interpreted as an 
expression of RR. Random-effects meta-analysis assumes that there are real differences 
between individual studies regarding the magnitude of the association between health 
determinants and exit from paid employment. It considers both between- and within-
study variability [12].
The standard definitions for obesity (BMI≥30 kg/m2) and overweight (25≤BMI<30 kg/
m2) will be used. For those studies that used other definitions [13, 14], BMI>27.5 kg/m2 
was considered as obesity, and BMI>22.5 kg/m2 was considered to reflect overweight. 
In case BMI was presented as a continuous variable [15, 16], it was transformed to 
the corresponding categories with the assumption of a constant risk increment [17]. 
Subsequently, the influence of study and population characteristics on associations 
between obesity and overweight with exit from paid employment was analyzed by a 
stratified meta-analysis.
79 full-text articles excluded based on review of full-text:
7 other outcome
30 other determinant
7 no observational longitudinal design
4 in patient population
5 no appropriate outcome measuer
6 no appropriate association measure or lack confidence interval
3 no appropriate determinant measures
17 duplicates (same data source)
990 articles excluded based on review of titles and abstracts:
818 other outcome (not exit from work)
156 other determinant (not obesity, overweight or physical 
activity)
16 no observational longitudinal design
Disability pension
N=22
Unemployment
N=5
28 full-text articles included in analyses*
107 full-text articles reviewed
1097 unique potentially relevant articles 
identified through literature search
(PudMed N=533/Embase N=543/ 
Web of Science N=594)
Early retirement
N=3
*One study included unemployment, early retirement, and disability pension as outcome measures [Robroek et al [18]]
Figure 1. Flow chart describing the article search process. 
46
RESULTS
In total, 28 longitudinal studies described the influence of BMI or lack of PA on disability 
pension (N=22), unemployment (N=5), or early retirement (N=3). One study provided 
associations with disability pension, unemployment, and early retirement [18]. The study 
sizes varied between N=781 [19] and N=1191027 [20] and the median follow-up time was 10 
years with a range of 2.5 [21] to 38 [20] years. Several studies presented more than one risk 
estimate, either through stratification (i.e., gender), several cut-offs for the determinants, 
or numerous outcome measures. Therefore, the sum of associations presented for 
disability pension (obesity: N=29, overweight: N=23, lack of PA: N=17), early retirement 
(obesity: N=6, overweight: N=6, lack of PA: N=3), and unemployment (obesity: N=3, over- 
weight: N=6, lack of PA: N=2) was >28 (appendix C). Because of the few studies investigating 
the associations with early retirement or unemployment, the stratified meta-analysis of 
population and study characteristics is restricted to studies evaluating disability pension 
outcomes only. No pooled estimates were calculated for lack of PA due to the large variety 
in definitions and cut-off points used.
Disability pension
Fifteen [13, 15, 16, 18, 20–30] and 17 studies [13, 15, 16, 18, 20, 21, 23–33] investigated 
the influence of overweight (23 associations) and obesity (29 associations) on the risk of 
disability pension, respectively (see figure 2). In 15 of 23 associations, overweight was a 
statistically significant risk factor with an overall estimate across all 23 associations of 
RR=1.16 [95% confidence interval (95% CI) 1.08–1.24]. In 20 of 29 associations, obesity 
was also a statistically significant risk factor with a higher pooled estimate across 29 
associations of RR=1.53 (95% CI 1.35– 1.72). The stratified meta-analysis shows stronger 
associations for obesity in Scandinavian (RR=1.57, 95% CI 1.39–1.78) than non-Scandinavian 
studies (RR=1.21, 95% CI 0.81–1.81). There were no differences in associations between 
studies performed among women (RR=1.53, 95% CI 1.27–1.86) or men (RR=1.56, 95% CI 
1.29–1.87). Studies with a longer follow-up time showed slightly higher RR (follow- up 
period ≥10 years: RR=1.57, 95% CI 1.36–1.81; follow-up period <10 years: RR=1.44, 95% 
CI 1.32– 1.58). The more recently a study was published, the more likely they reported a 
lower association estimate (published in/after 2002: RR=1.44, 95% CI 1.25–1.66; published 
before 2002: RR=1.85, 95% CI 1.51–2.26). Concerning quality characteristics, there were 
no major differences in risk estimates between studies with a response level < or >30% 
or studies that did or did not adjust for other lifestyle factors. Studies with objective 
information (RR=1.67, 95% CI 1.44–1.94) on obesity were more likely to report a stronger 
association estimate than those based on self- reported information (RR=1.30, 95% CI 
1.19–1.43). Studies lacking information about the flow of subjects were, although not 
statistically significant, more likely to report a stronger association between obesity and 
disability pension (RR=1.64, 95% CI 1.35–1.99 versus RR=1.46, 95% CI 1.24–1.71).
Ten studies (13, 16, 18, 22, 24, 31, 34–37) investigated the influence of lack of PA during 
leisure time on the risk of disability pension, presenting 17 associations (figure 5). In 8 
of these associations, lack of PA was a statistically significant risk factor for disability 
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pension. With the exception of one study [24], all presented a RR>1 for the association 
between lack of PA and disability pension.
Unemployment
Four [14, 18, 38, 39] and two studies [18, 38] investigated the influence of overweight (6 
associations, none statistically significant) and obesity (3 associations, 1 statistically 
significant) on unemployment, respectively (see figure 3). After pooling, no statistically 
significant associations were found between obesity (pooled RR=1.20, 95% CI 0.64–2.25) or 
overweight (pooled RR=1.02, 95% CI 0.90–1.16, figure 3) and unemployment. Two studies 
[18, 19] investigated the influence of lack of PA during leisure time on unemployment 
presenting three associations (figure 5). Two of these associations presented a statistically 
significant increased risk of lack of PA on unemployment (figure 5).
Early retirement
Three studies [18, 40, 41] investigated the influence of overweight or obesity on early 
retirement presenting six associations (see figure 4). One of these associations presented 
an increased risk of early retirement among obese individuals, but no statistically 
significant association was found when all six studies were pooled (pooled RR=1.07, 
95% CI 0.95–1.20, figure 4). Two of six associations presented a statistically significant 
increased risk of early retirement among overweight individuals, but again no statistically 
significant association was found when all the studies were pooled (pooled RR=1.08, 95% 
CI 0.95–1.23, figure 4). The two studies investigating the association between lack of PA 
and early retirement reported no statistically significant increased risk of early retirement 
[18, 40].
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Study Overweight 
(kg/m2) 
 Obesity 
 (kg/m2) 
 
Rissanen 1990 (F) 27.5-30.0 ≥ 32.5 
Rissanen 1990 (F) 25.0-27.5 30.0-32.5 
Visscher 2004 (F) 25.0-30.0 ≥30.0 
Friis 2008 (F) 25.0-30.0 ≥30.0 
Lund 2010 (F) 25.0-30.0 ≥30.0 
Ropponen 2011 (F) 25.0-30.0* ≥30.0* 
Canivet 2012 (F) n/a ≥30.0 
Roos 2012 (F) - ≥35.0 
Roos 2012 (F) 25.0-30.0 30.0-35.0 
Rissanen 1990 (M) 27.5-30.0 ≥35.0 
Rissanen 1990 (M) 25.0-27.5 30.0-35.0 
Mansson 1996 (M) 25.0-30.0 ≥30.0 
Lund 2001 (M) 25.0-30.0 ≥30.0 
Visscher 2004 (M) 25.0-30.0 ≥30.0 
Gravseth 2008 (M) 25.0-30.0 ≥30.0 
Neovius 2008 (M) - ≥35.0 
Neovius 2008 (M) 25.0-30.0 30.0-35.0 
Claessen 2009 (M) 27.5-30.0 ≥35.0 
Claessen 2009 (M) 25.0-27.5 30.0-35.0 
Lund 2010 (M) 25.0-30.0 ≥30.0 
Ropponen 2011 (M) 25.0-30.0* ≥30.0* 
Canivet 2012 (M) n/a ≥30.0 
Roos 2012 (M) - ≥35.0 
Roos 2012 (M) 25.0-30.0 30.0-35.0 
Manninen 1997 (F/M) 25.0-30.0* ≥30.0* 
Biering-Sorensen 1999 (F/M) ≥27.0 n/a 
Hagen 2002 (F/M) 26.4-28.6 ≥28.6 
Harkonmaki 2007 (F/M) - ≥30.0 
Ahola 2012 (F/M) - ≥30.0 
Robroek 2012 (F/M) 25.0-30.0 ≥30.0 
Pooled (random)   
 
 
* BMI as a continuous variable was transformed to the corresponding categories, with the assumption of a constant risk increment. 
Figure 2 Association between obesity, overweight and disability pension  
  
* BMI as a continuous variable was transformed to the corresponding categories, with the assumption of a constant risk increment.
Figure 2. Association between obesity, overweight and disability pension. Body mass index as a continuous variable was 
transformed to the corresponding categories with the assumption of a constant risk increment.
49
chapter
3
 
 
   
 
Study Overweight 
(kg/m2) 
 Obesity 
 (kg/m2) 
 
 
Laitinen 2002 (F) ≥23.8 (age 14)  n/a  
Jusot 2008 (F) 25.0-30.0 ≥30.0 
Laitinen 2002 (M) ≥23.7 (age 14) n/a 
Jusot 2008 (M) 25.0-30.0 ≥30.0 
Virtanen 2012 (F/M) ≥25.0 n/a 
Robroek 2012 (F/M) 25.0-30.0 ≥30.0 
Pooled (random)   
 
  
 
Figure 3 Association between obesity, overweight and unemployment  
 
 
Study Overweight 
(kg/m2) 
 Obesity 
 (kg/m2) 
 
Friis 2007 (F) 25.0-30.0  ≥30.0  
Houston 2008 (F, White) 25.0-30.0 ≥30.0 
Houston 2008 (F, Afr-Am) 25.0-30.0 ≥30.0 
Houston 2008 (M, White) 25.0-30.0 ≥30.0 
Houston 2008 (M, Afr-Am) 25.0-30.0 ≥30.0 
Robroek 2012 (F/M) 25.0-30.0 ≥30.0 
Pooled (random)   
 
 
Figure 4 Association between obesity, overweight and early retirement  
 
  
Figure 3. Association between obesity, overweight, and unemployment.
 
 
   
 
Study Overweight 
(kg/m2) 
 Obesity 
 (kg/m2) 
 
 
Laitinen 2002 (F) ≥23.8 (age 14)  n/a  
Jusot 2008 (F) 25.0-30.0 ≥30.0 
Laitinen 2002 (M) ≥23.7 (age 14) n/a 
Jusot 2008 (M) 25.0-30.0 ≥30.0 
Virtanen 2012 (F/M) ≥25.0 n/a 
Robroek 2012 (F/M) 25.0-30.0 ≥30.0 
Pooled (random)   
 
  
 
Figure 3 Association between obesity, overweight and unemployment  
 
 
Study Overweight 
(kg/m2) 
 Obesity 
 (kg/m2) 
 
Friis 2007 (F) 25.0-30.0  ≥30.0  
Houston 2008 (F, White) 25.0-30.0 ≥30.0 
Houston 2008 (F, Afr-Am) 25.0-30.0 ≥30.0 
Houston 2008 (M, White) 25.0-30.0 ≥30.0 
Houston 2008 (M, Afr-Am) 25.0-30.0 ≥30.0 
Robroek 2012 (F/M) 25.0-30.0 ≥30.0 
Pooled (random)   
 
 
Figure 4 Association between obesity, overweight and early retirement  
 
  
Figure 4. As ociation between obesity, overw ight, and early retirement .
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Figure 5 Association between lack of physical activity and disability pension, unemployment and early retirement 
 
Study Lack of PA   
Disability pension   
Krokstad 2002 (F) < 1x/week  
Friis 2008  (F) little/sedentary 
Ropponen 2011 (F) continuous 
Lahti 2012 (F) inactive 
Krause 1997 (M) lowest 25% 
Krokstad 2002 (M) < 1x/week 
Ropponen 2011 (M) continuous 
Lahti 2012 (M) inactive 
Biering-Sorensen 1999 (F/M) never 
Hagen 2002 (F/M) lowest 0-10% 
Hagen 2002 (F/M) lowest 10-25% 
Hagen 2002 (F/M) lowest 25-50% 
Suominen 2005 (F/M) 0x/month 
Suominen 2005 (F/M) 1x/month 
Suominen 2005 (F/M) 2-3x/month 
Ahola 2011 (F/M) < weekly 
Robroek 2012 (F/M) < 1x / week 
  
Unemployment   
Liira 1999 (M, farming) <1x / week  
Liira 1999 (M, construction) <1x / week 
Robroek 2012 (F/M) <1x / week 
  
Early retirement   
Friis 2007 (F) little/sedentary  
Robroek 2012 (F/M) <1x / week 
Figure 5. Association between lack of physical activity and disability pension, unemployment and early retirement.
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DISCUSSION
This meta-analysis provides insight into the role of overweight, obesity, and lack of PA 
during leisure time on premature exit from paid employment. Obese – and to a lesser 
extent overweight – workers had an increased likelihood of exit from paid employment 
through dis- ability pension among both men and women, but obesity was not a risk 
factor for unemployment or early retirement. Workers with lack of PA had an increased 
risk of disability pension and unemployment, but not of early retirement.
The finding that obesity, and to a smaller extent overweight, are related to future disability 
pension confirms the results of a previous systematic review on eight longitudinal studies 
[9]. The majority of the studies included in the current review consistently reported a 
statistically significant association between obesity and disability pension in spite of 
different definitions for both risk factor and outcome. Interestingly, in several studies, 
a lack of PA during leisure time was also a significant risk factor for disability pension. 
However, the available evidence in longitudinal studies suggests that obesity is more 
important than PA for sustained employability. Since the majority of the studies did not 
report information concerning the underlying reason for disability pension, we were not 
able to disentangle whether the relation between obesity and lack of PA with disability 
pension is mediated by specific diseases. The increased risk of disability pension among 
obese workers is in line with the findings of recent studies on the relation between obesity 
on one hand and productivity loss at work and sick leave on the other hand [4–8, 42]. 
The results imply that the increasing prevalence of obesity in most Western countries 
is a concern with regard to work participation and sustainable employability. A healthy 
lifestyle and body weight are important for a productive workforce.
Three studies were included that reported on the association between obesity and 
unemployment and early retirement. The pooled estimate was weak and non-significant, 
suggesting that obesity plays a minor role in displacement from the labor market through 
both pathways. In general, these pathways are to a lesser extent driven by health 
problems [1]. Other financial or social factors might play a more important role in these 
pathways of exit from work than might be the case when leaving the labor market through 
a specific healthrelated pathway such as disability pension [43]. Few studies investigated 
the relationship between a lack of PA and exit from work. Only two studies evaluated the 
role of lack of PA on early retirement and unemployment. For both disability pension and 
unemployment, several studies found lack of PA to be a risk factor. Other lifestyle-related 
factors, such as smoking or an unhealthy diet, were not evaluated in this meta-analysis. 
Several studies have shown that such lifestyle factors, particularly smoking, may play a 
role in premature exit from paid employment, especially through disability pension [18, 
38]. Promoting a healthy lifestyle might thus be a way to prevent workers from leaving the 
workforce too early. Interventions could range from organizational workplace changes 
that enhance the ability of employees to engage in PA [e.g., flexible working conditions 
[44]] to workplace health promotion and onsite PA and healthy eating initiatives [45]. Most 
intervention studies on workplace health programs have follow-up periods of at best 24 
months, which is far too short to demonstrate a noticeable impact on work participation. 
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In order to gain more insight into the role of lifestyle on sustained labor participation, 
studies with repeated measurements during longer follow-up periods are needed.
Socioeconomic status is a potential confounder for the relation between lifestyle-related 
factors and exit from work. From previous studies, it is known that an unhealthy lifestyle 
and obesity are more prevalent among individuals in lower socioeconomic groups [46]. 
Furthermore, individuals with a lower education or in a lower occupational class are 
more likely to leave the labor force due to disability pension, unemployment, or early 
retirement [1, 47]. However, in the stratified meta-analysis no systematic lower risk of 
exit from paid employment was observed between studies adjusting for socioeconomic 
status, educational level, or job type and studies that did not adjust for these factors. 
A potential explanation might be that the response in questionnaire surveys is typically 
higher among higher educated employees and, thus, study populations reflect better 
higher-educated populations.
A strength of this systematic review is the availability of various studies on disability 
pension, which supported an informative meta-analysis. In contrast, only few studies 
evaluated the role of obesity and lack of PA on early retirement and unemployment. There 
are also some limitations in this systematic review. First, the literature search was limited 
to three electronic databases and English publications. Therefore, it is possible that we 
still missed some useful studies. Second, there is substantial variation among studies 
concerning definitions for determinants (particularly for lack of PA) and out- comes, the 
follow-up period, and the study populations. With the exception of three studies [18, 21, 
33], all used register-based outcome data. We found that the method of measurement of 
determinant (self-report or objective measurement) did influence the pooled estimate. 
Studies based on objective information to define BMI were more likely to find a stronger 
association with disability pension. A possible explanation might be that weight is 
underreported in studies using self-reported information. Since the heterogeneity in 
definitions was limited, we decided to pool the studies investigating overweight and/ or 
obesity in spite of heterogeneity. Third, the majority of studies are from Scandinavian 
countries, hampering the generalizability of findings to other countries. The stratified 
meta-analysis shows stronger associations between obesity and the risk of disability 
pension among obese individuals in Scandinavian compared with non-Scandinavian 
countries. This prompts a need for studies in other countries to corroborate or refute 
the association between obesity and disability pension. Last, although publication bias 
cannot be ruled out, there was no relation between the magnitude of risk estimates and 
their standard errors. After summarizing the literature, it can be concluded that obesity 
is a risk factor for exit from paid employment through disability pension, but there is no 
evidence of a relationship with other routes of exit from work. There are also indications 
that a lack of PA during lei- sure time was related to an increased risk of disability pension 
and unemployment. Although our meta-analysis is unable to identify the mechanisms 
through which obesity, overweight, and lack of PA contribute to labor market exit, it 
strongly suggests that – in order to maintain a productive and healthy workforce and 
protect workers against premature exit from paid employment – the implementation of 
long-term interventions and policies to promote PA and prevent overweight and obesity 
be considered.
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APPENDIX 
A1 Search strategy PubMed
PubMed 
(up to Dec 
31, 2012)
#1 PHYSICAL ACTIVITY
“physical activity” [All Fields] OR “physical activities” [All Fields] OR 
“physical fitness” [All Fields] OR exercise [All Fields] OR sport [All Fields] 
OR fitness [All Fields] OR lifestyle [All Fields] OR “health behaviour” [All 
Fields] OR “health behavior” [All Fields] OR “physical tinactivity” [All 
Fields]
468 717
#2 OBESITY
overweight [All Fields] OR “over weight” [All Fields] OR “body weight” 
[MeSH] OR “body weight” [All Fields] OR “waist
circumference” [All Fields] OR “skinfold thickness” [All Fields] OR 
“fat percentage” [All Fields] OR “waist-hip ratio” [All Fields] OR “hip 
circumference” OR obesity [All Fields] OR “obese” [All Fields] OR “body 
mass index” [All Fields] OR bmi [All Fields] OR weight [All fields]
1 140 831
(#1 OR #2) 1 521 639
#3 EARLY RETIREMENT
early-retirement [All Fields]
677
#4 UNEMPLOYMENT
unemployment [All Fields] OR “unemployed” [All Fields]
12 233
#5 DISABILITY PENSION
disability pension[All Fields] OR work-disability [All Fields] OR “disability 
retirement” [All Fields] OR work ability [All Fields]
2 668
(#3 OR #4 OR #5) 15 276
(#1 OR #2) AND (#3 OR #4 OR #5) 1 932
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#6 LONGITUDINAL DESIGN 
(“cohort studies”[MeSH Terms] OR “cohort studies”[All Fields] OR 
“cohort study”[All Fields]) OR (“longitudinal studies”[MeSH Terms] OR 
“longitudinal studies”[All Fields] OR “longitudinal study”[All Fields] OR 
longitudinally [All Fields]) OR (“prospective studies”[MeSH Terms] OR 
“prospective studies”[All Fields]) OR “prospective study”[All Fields]) 
OR (prognosis [MeSH:NoExp]) OR (“follow-up studies”[MeSH Terms] 
OR “follow-up studies”[All Fields] OR “follow up study”[All Fields] OR 
“follow-up”[All Fields])OR (“retrospective studies”[MeSH Terms] OR 
“retrospective studies”[All Fields] OR “retrospective study”[All Fields]) 
NOT ((randomized controlled trial[pt] OR controlled clinical trial[pt] OR 
randomized[tiab] OR placebo[ti] OR clinical trials as topic [MeSH:noexp] 
OR trial[ti]))
1 589 995
(#1 OR #2) AND (#3 OR #4 OR #5) AND #6 571
Filter on Language 533
 
A2 Search strategy Embase
Embase 
(up to Dec 31, 
2012)
#1 PHYSICAL ACTIVITY
(‘physical activity’/de OR ‘physical activity’:de,ti,ab OR ‘physical 
activities’/de OR ‘physical fitness’/de OR ‘exercise’:de,ti,ab OR ‘exercise’/
de OR ‘sport’/de OR ‘sport’:de,ti,ab OR ‘fitness’/de OR ‘fitness’:de,ti,ab 
OR ‘lifestyle’/de OR ‘lifestyle’:de,ti,ab OR ‘health behavior’:de,ti,ab 
OR ‘health behaviour’:de,ti,ab OR ‘physical inactivity’/de OR ‘physical 
inactivity’:de,ti,ab)
559 636
#2 OBESITY
‘overweight’/exp OR ‘overweight’ OR ‘body weight’/de OR ‘body 
weight’:de,ti,ab OR ‘waist circumference’/de OR ‘skinfold thickness’/de 
OR ‘waist hip ratio’/exp OR ‘hip circumference’/exp OR ‘waist hip ratio’ 
OR ‘obesity’/exp OR ‘obese’ OR ‘body mass’/exp OR ‘body mass index’ 
OR ‘bmi’ OR ‘weight’
1 373 732
(#1 OR #2) 1 818 084
#3 EARLY RETIREMENT
‘early-retirement’
920
#4 UNEMPLOYMENT
‘Unemployment’/exp OR ‘unemployment’:ti,ab,de OR ‘unemployed’
15 331
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#5 DISABILITY PENSION
‘Disability pension’ OR ‘work disability’/exp OR ‘work disability’ OR 
‘disability retirement’ OR ‘work ability’:ti,ab
5 608
(#3 OR #4 OR #5) 21 329
(#1 OR #2) AND (#3 OR #4 OR #5) 2 496
#6 DESIGN
‘cohort analysis’/exp OR ‘cohort analysis’:ti,ab OR ’cohort 
studies’:ti,ab,de OR ‘cohort study’:ti,ab,de OR ‘longitudinal’/syn OR 
‘longitudinally’:ti,ab,de OR ‘prospective study’/exp OR ‘prospective 
study’:ti,ab OR ‘prospective studies’:ti,ab,de OR ‘prognosis’ OR 
‘follow up’/exp OR ‘follow up’:ti,ab OR ‘restrospective study’/exp OR 
’retrospective study’:ti,ab OR ‘retrospective studies’:ti,ab,de NOT 
(‘randomized controlled trial’/exp OR ‘controlled clinical trial’/exp OR 
‘randomized’:ti,ab OR ‘placebo’:ti,ab OR ‘clinical trial (topic)’/exp OR 
‘trial’:ti)
1 719 140
(#1 OR #2) AND (#3 OR #4 OR #5) AND #6 598
Filter on Language 543
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A3 Search strategy Web of Science
Web of 
Science 
(up to Dec 
31, 2012)
#1 PHYSICAL ACTIVITY
TS=((physical activity) OR (physical activities) OR (physical fitness) OR 
exercise OR sport OR fitness OR lifestyle OR (health behaviour) OR (health 
behavior) OR (physical inactivity)) AND Document Types=(Article)
373 562
#2 OBESITY
TS=(overweight OR (over weight) OR (body weight) OR (waist 
circumference) OR (skinfold thickness) OR (fat percentage) OR (waist-
hip ratio) OR (hip circumference) OR obesity OR obese OR (body mass 
index) OR (bmi) OR (weight)) AND Document Types=(Article)
765 846
(#1 OR #2) 1 080 413
#3 EARLY RETIREMENT
(TS=early-retirement) AND Document Types=(Article)
845
#4 UNEMPLOYMENT
(TS=((unemployment) OR (unemployed))) AND Document Types=(Article)
21 652
#5 DISABILITY PENSION
(TS=((disability-pension) OR work-disability OR (disability-retirement) 
OR (work-ability))) AND Document Types=(Article)
2 266
(#3 OR #4 OR #5) 24 378
(#1 OR #2) AND (#3 OR #4 OR #5) 1 978
#6 LONGITUDINAL DESIGN
(TS=((cohort studies) OR (cohort study) OR (longitudinal studies) OR 
(longitudinal study) OR longitudinally OR (prospective studies) OR 
(prospective study) OR (prognosis) OR (follow-up studies) OR (follow 
up study) OR (follow-up) OR (retrospective studies) OR (retrospective 
study) NOT ((randomized controlled trial) OR (controlled clinical trial) 
OR (randomized) OR placebo OR (clinical trials as topic) OR (trial)))) AND 
Document Types=(Article)
978 774
(#1 OR #2) AND (#3 OR #4 OR #5) AND #6 624
Filter on Language 594
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ABSTRACT
Objectives
Determine the influence of poor health on competing exit routes from paid employment 
among older workers in Europe, and evaluate differences in estimates between 
conventional and competing risk approaches. 
Methods
The study population consisted of 5,273 respondents (6-years follow-up) from the Survey 
of Health, Ageing, and Retirement in Europe (SHARE). The effect of poor health on exit 
routes from paid employment was assessed with a stratified Cox model, a cause specific 
Cox model and a Fine & Gray (F&G) model. Competing risk analyses were used to calculate 
absolute risks of labour force exit among European regions. 
Results
In the F&G model poor health was a risk factor for disability benefit (subdistribution 
hazard ratio (SHR) 3.22), and unemployment (SHR 1.32).HRs in the Cox analyses were 
4-17% higher than SHRs. In Bismarckian countries low educated older workers living alone 
and in poor health had an 11% risk of disability benefit, 7% of unemployment, 46% of 
early retirement, and 7% of becoming economically inactive. In Scandinavian countries 
the risks were 10%, 7% ,29%, and 3% respectively, and in Southern Europe 4%, 5%, 35%, 
and 7%.
Conclusions
Workers with poor health are more likely to leave the labour force than workers with good 
health. The risks for the voluntary routes were lowest in Scandinavian countries, for the 
more involuntary routes risks were lowest in Southern Europe. The conventional Cox 
analysis overestimates relative as well as absolute risks of leaving the workforce. The F&G 
model allows for better estimation of these risks in the presence of competing exit routes.
Key words
cause specific model; competing risk analysis; Cox proportional hazards models; disability 
benefit; early retirement; Fine and Gray model; survival analysis; unemployment; 
workforce exit 
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INTRODUCTION
Various studies have demonstrated the influence of poor health on labour force exit. In a 
meta-analysis self-rated poor health was a risk factor for disability benefit (Relative Risk 
(RR) 3.61), unemployment (RR 1.44) and early retirement (RR 1.27) [1]. Different analytical 
techniques have been used to estimate the strength of the relation between poor health 
and a specific exit route in longitudinal studies. Most studies have explored the relation 
between poor health and loss of paid employment by focusing on one specific exit route, 
primarily disability benefit and early retirement, and either used logistic regression 
analysis based on complete follow-up [e.g. 2], or Cox proportional hazard analysis with 
censoring of event times for workers at the end of their follow-up [e.g. 3, 4]. In recent years 
some studies have included multiple exit routes by conducting a stratified Cox analysis 
comparing workers within separate exit routes with those workers who remained in paid 
employment [e.g. 5, 6]. 
The disadvantage of these Cox models is that they ignore the fact that exit routes are 
to some extent competing processes. For example, receiving a disability benefit (which 
requires health problems in order to be eligible) is an event typically taking place earlier 
in life than early retirement, which results in healthier workers exiting paid employment 
via early retirement. In addition, exit routes may work as communicating vessels. Also, 
dropping out of the labour force through one particular route may depend on eligibility 
criteria. Thus, it may be important to include these so called competing events (i.e. 
other exit routes than the event of interest) in the analysis when estimating the relation 
between health and labour force exit. Until now, few studies have applied a competing 
risk analysis to determine the relation between poor health and multiple exit routes [7-9], 
but it remains unknown whether the results of conventional analyses differ substantially 
from those of competing risk analysis.
Competing risk analysis is an alternative for conventional survival and Cox proportional 
hazards regression analysis in the presence of multiple (competing) exit routes of paid 
employment. Moreover, a competing risk approach allows for direct estimation of both 
relative and absolute risks [10]. Absolute risk estimates give additional insight into the 
impact of poor health on labour force exit. For example, it is relevant whether the absolute 
risks are 4% vs. 2% for workers with poor and good health respectively or 20% vs. 10%. 
This is also important when comparing the impact of poor health on leaving the workforce 
across different countries with different disability arrangements, policies and legislation 
for employment protection. For instance, previous research found that in Scandinavian 
countries individuals with poor health and lower educational level participate more often 
in the labour market than similar individuals from other welfare state regimes [11]. 
The aims of the current study were i) to determine the influence of poor health on multiple 
(competing) exit routes from paid employment among older workers, in terms of relative 
as well as absolute risk, ii) to determine whether these risks are different among European 
regions, and iii) to evaluate the differences in estimates of relative and absolute risk 
between three analytical techniques, i.e. a stratified Cox approach, a cause specific Cox 
approach, and a Fine & Gray approach. 
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METHODS
Study sample and design
A longitudinal study with a 6-year follow-up was conducted with respondents from 11 
European countries in four waves of the Survey of Health, Ageing, and Retirement in Europe 
(SHARE) [12]. SHARE started in 2004, aiming to gain insight into ageing and how it affects 
individuals in the diverse cultural settings of Europe. For that purpose, data on health, 
socio-economic status, and family relationships were collected by interview [13, 14]. The 
overall household response in the first wave (release 2.6.0) across all SHARE countries was 
62%, yet substantial differences were observed between countries [15]. Due to different 
institutional conditions an uniform framework for sampling was not achievable. Different 
national and local registries were used to permit stratification by age. Sampling designs 
varied from simple random sampling from national population registers to multi-stage 
sampling using regional/local population registers [16]. 
Data from the first (2004-2005 release 2.6.0) [17], second (2006-2007 release 2.6.0) [18, 
19], third (2008-2009 release 1.0.0) [20-22], and fourth (2011-2012 release 1.1.1) [23-25] 
wave were used in this study. Figure 1 shows the study flow, starting at baseline with 
13,282 participants aged between 50 and the country specific retirement age (43% of the 
total study population n=30,816). A total of 78 participants lacked data on employment 
status, resulting in a study population of 13,204 people, of whom 7,174 (54%) were in 
paid employment. During follow-up 5,621 of them participated in at least one follow-up 
measurement. For 348 participants either information on employment status at follow-
up, or demographic characteristics at baseline was missing, or the transition out of 
employment was reported after the last wave. This resulted in a study population of 5,273 
participants that was available for analyses. SHARE has been reviewed and approved by 
the Ethics Committee of the University of Mannheim [26]. 
Labour force participation 
The outcome of the current study was self-reported work status, which was ascertained 
during follow-up. At wave 2 and wave 4 a single question was used: “In general, which 
of the following best describes your current employment situation? Retired, employed 
or self-employed, unemployed and looking for work, permanently sick or disabled, 
homemaker, other (rentier, living off own property, student, voluntary work)”. For 
each category of labor force exit, the month and year of exit were asked. At wave 3, a 
life-course approach was used to assess all periods of paid employment and exit from 
paid employment. Participants answered the question “Which of these best describes 
your situation after you left your last job?”. The year of exit from paid employment was 
ascertained when applicable. 
Five mutually exclusive categories were created: (i) paid employment, i.e. all participants 
who worked until the country-specific retirement age or were still working at the end of 
the follow-up period; (ii) disability benefit, i.e. participants who were permanently sick or 
disabled; (iii) unemployment, i.e. those who became unemployed from their last job; (iv) 
early retirement, i.e. those who were retired, but had not reached the country-specific 
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retirement age yet; and (v) economically inactive, i.e. those who stopped working for 
other reasons than disability, unemployment, or early retirement, for example because 
of being a homemaker. When a participant reported multiple events, only the first event 
in time was considered. In case a participant reported multiple events at the same time-
point, the following hierarchy was used (i) disability benefit, (ii) unemployment, (iii) 
economically inactive, (iv) early retirement. 
N=17,534
Excluded because older than the 
country specific retirement age 
or younger than 50 at baseline
N=6,108
Excluded because not employed 
or self employed at baseline
N=1,553
Excluded because lack of follow-
up data
N=348
Excluded because incomplete or 
conflicting data on the outcome, 
determinants, or covariates
N=13,282
N=7,174
N=5,621
N=5,273
Baseline measurement:
N=30,816
Figure 1. Selection of study population at baseline.
Health
Self-rated health was measured at baseline using the question “Would you say your health 
is…”, with answers ranging from excellent (1) to poor (5). Poor health was defined as less 
than good health, collating the answers moderate and poor. This frequently used question 
has been shown to be a good indicator of general health [27]. 
Individual characteristics
At baseline, information on sex, month and year of birth, educational level, marital status, 
and country was collected. The highest level of education was coded according to the 1997 
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International Standard Classification of Education (ISCED-97) and categorised into low 
(pre-primary, primary, and lower secondary education), intermediate (upper secondary 
education), and high (post-secondary education). Using marital status, participants were 
categorised into those who were living with a spouse or partner in the same household 
and those living alone. Three European regions were distinguished according to their 
welfare regime [11]; Bismarckian countries (Netherlands, France, Germany, Belgium, 
Austria, Switzerland); Scandinavian countries (Sweden, Denmark), and Southern Europe 
(Italy, Spain, Greece). Additionally, mortality was registered during follow-up. 
Statistical analyses
Descriptive statistics were used to describe the study population: frequencies for 
dichotomous and categorical variables and means with standard deviations for 
continuous variables. Furthermore, cumulative incidence curves of four specific exit 
routes out of paid employment were created based on Kaplan-Meier curves for workers 
with poor health and on estimates for workers with poor health from the Fine & Gray 
competing risk analysis. In the latter, self-rated health was the independent variable and 
the type of route out of paid employment was the dependent variable. 
Next, the effect of poor self-rated health on labour force exit via various routes during 
follow-up was analysed using different risk regression models: a stratified Cox model, 
a Cox model with censoring by competing events (cause-specific hazard model), and a 
competing risk model based on Fine and Gray’s proportional subdistribution hazards 
approach [10]. The models differ from each other in the way they handle competing events. 
In the stratified Cox approach workers with competing events were not included in 
the analysis. Thus, workers from each specific pathway out of paid employment were 
compared only with workers who stayed in paid employment. Workers were censored 
at the end of their follow-up or when they reached the country specific retirement age. 
This approach resembles a multinomial regression analysis whereby workers with the 
event of interest are compared solely with those workers who stayed in the workforce 
(leaving workers with another event out of sight). In this analysis one does not take into 
account that workers are at risk for the event of interest until the moment they experience 
a competing event. These workers are simply not included in the analysis and, hence, the 
total number of person-years at risk is influenced.
In the cause specific Cox approach, workers from each specific exit route were compared 
with all other workers (i.e. those who stayed in paid employment, but also those who left 
via another exit route than the route of interest). Workers were not only censored at the 
end of their follow-up, or when they reached the official retirement age, but also when 
they experienced a competing event [28]. Censoring the time to the event of interest for 
workers with a competing event assumes that those with a competing event stay at the 
same risk for the event of interest as those who remain in the risk set [29, 30]. 
In the Fine & Gray competing risk approach, workers within each specific exit route were 
compared with all workers [10]. However, contrary to the cause specific Cox approach, 
those who experienced a competing event were not censored, but were kept in the risk 
population [29]. Therefore, the likelihood of the occurrence of the event was estimated, 
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taking into account the likelihood that another event may precede the occurrence of 
the event of interest. Workers were censored at the end of their follow-up, or when they 
reached the country specific retirement age. 
Each separate exit route was successively the event of interest, hence the other exit 
routes were then seen as competing events (e.g. when disability benefit was the event 
of interest, unemployment, early retirement and becoming economically inactive were 
the competing events). Death was also considered as a competing event. We adjusted the 
associations between poor self-rated health and labour force exit for age, sex, education, 
marital status and European region.
Hazard ratios (HR) for the Cox analyses and subdistribution hazard ratios (SHR) for the 
competing risks analyses, both with corresponding 95% CI, were calculated as measure 
of association. A value greater than one indicates an increased likelihood of labor force 
exit. However, one should keep in mind that although the SHR and the HR both measure 
the association between independent variables and labour force exit, their underlying 
assumptions are different [31] (see also Discussion of this paper). The 6-year probabilities 
of disability, unemployment, early retirement, and becoming economically inactive were 
calculated for low educated male workers aged 60-64 years who were not cohabiting, with 
good or poor health, in the three European regions. 
All analyses were conducted using STATA 13.1 [32]. For the stratified Cox regression the 
command ‘stcox’ [33] was used, the cause specific Cox analysis was performed using 
‘stcompadj’ [34]. For the Fine & Gray competing risks approach the command ‘stcrreg’ 
was used [35].
RESULTS
The study population consisted of 5,273 employees (Figure 1) with a median time of 55 
months until any event or censoring. Table 1 shows the population characteristics of 
the total study population and the characteristics of the subjects per exit route. A small 
majority of the study population was male, and the mean age in years at enrolment was 
55.3 (SD 3.6). In total, 36% had a high educational level, and almost 20% was not married 
or cohabitating. Eleven percent reported a less than good self-rated health. In total, 34% 
of the study population left the workforce during the 6 year follow-up period because of 
early retirement (20%), unemployment (6%), becoming economically inactive (5%), and 
disability benefit (3%). The most common pathway in the group of economic inactivity 
was exit due to becoming a homemaker (57%). During follow-up 63 participants died (1%).
In Table 2 the distribution of employment status at follow-up is described per 
European region. In all European regions early retirement was the main exit route 
(22.9% in Bismarckian countries, 16.9% in Scandinavian countries, and 15.4% in 
Southern Europe). The observed percentage of workers who remained in paid 
employment during the whole follow-up was lowest in Bismarckian countries 
(59.4%) compared with Scandinavian countries (68.6%) and Southern Europe (71%). 
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Figure 2 shows the cumulative incidence curves of the four exit routes out of paid 
employment based on the Kaplan-Meier curves for workers with poor health (figure 2a) 
and estimates from the Fine & Gray competing risk analysis for workers with poor health 
(figure 2b). The probabilities based on the Kaplan-Meier curves are typically higher than 
when estimated with the competing risks approach. The largest differences between both 
methods were observed for exit through early retirement (34.1% according to the Kaplan-
Meier approach vs. 27.6% according to the competing risk analysis at the 84th month of 
follow-up) and unemployment (13.8% vs. 7.2%).
Workers with a less than good self-rated health had a higher risk of disability benefit in 
all models (HR 3.58 (95%CI 2.56-5.00) for the stratified Cox model, HR 3.36 (95%CI 2.41-
4.69) for the cause specific Cox model, and SHR 3.22 (95%CI 2.30-4.51) for the Fine & Gray 
competing risks model). Poor health was also statistically significantly associated with 
unemployment in the stratified Cox model (HR 1.54) and the cause specific Cox model 
(HR 1.43), but not in the Fine & Gray competing risks model (SHR 1.32). An elevated but 
statistically non-significant relation was found for the influence of poor health on early 
retirement and becoming economically inactive (Table 3). Table 3 also shows that the 
stratified Cox model resulted in the highest risk rates, followed by the cause specific Cox 
model. The lowest estimates were observed for the Fine & Gray competing risks approach. 
Differences ranged from 10% to 17% for the stratified Cox model compared to the 
competing risks model, and from 4% to 12% for the cause specific Cox model compared 
to the competing risks model.
Table 4 describes the absolute 6-year probabilities of labour force exit for workers (60-64 
years, male, low educational level, not cohabiting) from three European regions with good 
or poor self-rated health. The cause-specific Cox model and the Fine & Gray competing 
risk approach produced very similar results. Overall, workers with poor health had a 
higher probability to leave the workforce via disability benefit, unemployment, or due 
to becoming economically inactive than workers with good health. The probability to 
leave the workforce via early retirement was somewhat higher among workers with good 
health than among workers with poor health in all European regions. In Bismarckian and 
Scandinavian countries, workers with poor health had an approximate probability of 10-
11% to leave the workforce via disability benefit, whereas this probability was lower for 
workers from Southern Europe (4%). Workers with poor health from Scandinavian countries 
and from Southern Europe had a lower probability of early retirement than workers from 
Bismarckian countries (29%, 35-37%, and 45% respectively). In Scandinavian countries 
the probability of becoming economically inactive among workers with poor health was 
two times lower than in Bismarckian countries or in Southern Europe. However, workers 
from Southern Europe had a somewhat lower probability to become unemployed when in 
poor health than workers from Bismarckian or Scandinavian countries.
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Table 2. Distribution of employment status at follow-up per European region of origin. 
Bismarckian 
countries 
(n=2,746)
Scandinavian 
countries 
(n=1,371)
Southern 
Europe 
(n=1,156)
% % %
Employment status at follow-up
Worker 59.4 68.6 71.0
Disability benefit 4.3 3.1 1.6
Unemployment 6.3 6.4 4.7
Early retirement 22.9 16.9 15.4
Economically inactive 6.3 3.2 6.1
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Figure 2. Cumulative incidence of four specific exit pathways out of paid employment based on Kaplan-Meier curve for workers with 
poor health (a) and estima es from the Fine & Gray c peting risk analysis for workers with poor health (b).
.
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Table 3. The influence of poor self-rated health assessed at baseline on the likelihood of exit from paid employment during a 6-year 
follow-up among older employees in Europe, expressed by the Hazard Ratio (HR) and Subdistribution Hazard Ratio (SHR) using a 
stratified Cox approach, a cause specific Cox approach and a Fine & Gray competing risks approach a. 
Stratified Cox
 model
Cause specific 
Cox model
Fine & Gray 
competing risks  
model
HR 95%CI HR 95%CI SHR 95%CI
Poor self-rated health on:
Disability benefit 3.58 2.56-5.00 3.36 2.41-4.69 3.22 2.30-4.51
Unemployment 1.54 1.12-2.12 1.43 1.04-1.97 1.32 0.96-1.83
Early retirement 1.13 0.93-1.38 1.07 0.88-1.30 0.94 0.77-1.16
Economical inactivity 1.25 0.89-1.76 1.23 0.87-1.73 1.13 0.81-1.58
a All analyses are adjusted for sex, age, educational level, marital status, and European region. Bold numbers indicate statistical 
significance at p 0.05
Table 4. Predicted 6-year probability (%) of exit from paid employment through different routes per European region for good and 
poor health among 60-64 year old low educated males who live alone, calculated using the cause specific Cox method and the Fine 
& Gray competing risk method.
Bismarckian 
countries
Scandinavian 
countries
Southern Europe
Self-rated health Self-rated health Self-rated health
Good Poor Good Poor Good Poor
Disability benefit
Cause specific 3.6 10.8 3.3 10.1 1.4 4.3
Fine & Gray 3.6 11.1 3.1 9.8 1.3 4.1
Unemployment
Cause specific 5.2 6.4 6.0 7.9 4.0 5.2
Fine & Gray 5.1 6.7 5.6 7.4 3.7 4.8
Early retirement
Cause specific 48.4 45.0 30.4 29.2 38.5 37.0
Fine & Gray 47.7 45.7 30.1 28.6 36.7 35.0
Economically inactive
Cause specific 6.1 6.5 2.7 3.0 6.9 7.7
Fine & Gray 5.9 6.7 2.5 2.8 6.4 7.2
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DISCUSSION
Older workers in Europe with a poor self-rated health are at risk of exit from paid 
employment, most notably through disability benefit followed by unemployment. The 
likelihood of labour force exit among workers with poor health varied across welfare 
state regime. The probability of early retirement and becoming economically inactive 
was lowest in Scandinavian countries, whereas the likelihood of disability benefit and 
unemployment was lowest in Southern Europe. The comparison of analytical techniques 
showed that both Cox approaches resulted in 4% to 17% higher risk ratios than the Fine 
& Gray competing risk model. The HRs from the stratified Cox approach were 2-7% higher 
than the HRs form the cause-specific Cox model. An appealing feature of the Fine & Gray 
competing risk model is that the estimated risk ratios directly translate to absolute 
probabilities. 
Until now, various studies have looked at the influence of poor health on exit from work. 
However, our study is the first that present both relative and absolute risks of work 
displacement via specific exit routes among workers with poor health. Some studies 
have graphically shown the probability of labour force exit [36-40]. However, these results 
were based on Kaplan-Meier curves which do not take competing events into account 
and, as also shown in the current study, will typically overestimate the absolute risk of 
different exit routes [31]. In the presence of competing risk situations, such as exit routes 
from paid employment, conventional survival techniques will be biased as they imply 
that workers who are censored at a specific moment in time are representative for the 
population still at risk [29, 31, 41]. Hence, those who are censored should not be subjects 
with a systematically higher or lower likelihood on the event of interest (i.e workers with 
a competing event). Therefore, they typically overestimate the probability on a specific 
exit route. 
The likelihood of labour force exit through the more involuntary exit routes of disability 
benefit and unemployment was higher for workers with poor health. The relation 
between poor health and disability benefit is not surprising, since a declined health is 
one of the essential requirements for receiving such a benefit. Furthermore, our results 
corroborate findings from previous research [1, 7-9]. Various studies have reported a 
relation between poor health and the exit route of unemployment [e.g. 42, 43]. It is of 
interest to note that in our study this association was statistically significant in both Cox 
models but not in the Fine & Gray model, although in the latter model a SHR of 1.32 was 
observed. In an earlier competing risk analysis in the POLS study a SHR of 1.76 for poor 
health and unemployment was reported [7]. The current study has a follow-up period 
which encompasses the economic crisis of 2008 and onwards, and it may be hypothesized 
that poor health is a less important risk factor for unemployment in countries in time 
periods with high unemployment [44].
The current study did not establish a significant relation between poor health and the more 
voluntary exit routes early retirement and becoming economically inactive. Moreover, the 
absolute risk of early retirement was slightly but consistently higher in the group with 
good health compared to workers with poor health. The literature is not conclusive about 
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the relation between poor health and early retirement. In the meta-analysis by Van Rijn 
et al, a statistically significant increased risk of early retirement was reported (pooled RR 
1.27) [1], while recent studies using a competing risks approach did not found a significant 
relation (SHR 0.97-1.11) [7, 8]. A possible explanation for these mixed findings is that in this 
exit route other factors play a more prominent role, such as financial arrangements, social 
situations and welfare state regime [5, 45, 46]. Furthermore, there is some qualitative 
evidence that not only poor health, but also good health can play a role in the transition 
to early retirement. For example, people who want to enjoy life while still vital and choose 
to retire when their health allows them to enjoy retirement [47].
There are several methods to calculate absolute risks, taking into account competing 
events. In the current study the Fine & Gray method and the cause-specific Cox method 
were used. They gave nearly the same results, but an advantage of the Fine & Gray 
method is that the covariate effects (expressed in SHR) translate directly to absolute 
risks. Furthermore, the risk ratio (SHR) from the Fine & Gray model can be interpreted as 
the amount of excess risk for a worker with poor health compared to a worker with good 
health. For example, the SHR of 1.32 for unemployment in this study, implies that workers 
with poor health have a 1.32 times higher instantaneous risk of becoming unemployed 
than workers with good health. The risk ratio from the cause specific Cox model (HR) does 
not translate verbatim to valid absolute risks, since in order to calculate these risks the 
cause specific hazards of the competing events are also needed [31].
In this study the HR from two different Cox models and the SHR of the Fine & Gray competing 
risk approach were compared. As all models have their own way of handling competing 
events, they yield different effect estimates. The estimates from the stratified Cox model 
were systematically higher than the estimates from the cause specific Cox model (where 
workers with competing events were censored) and the Fine & Gray model (where workers 
with competing events were kept in the risk population). The results can be explained 
by the fact that poor health was a risk factor for the most important competing events 
[30]. When the independent variable (poor health) would be associated with the event 
of interest, but not with the competing events, the SHR would be very similar to the HR 
from both Cox models, especially the cause-specific Cox model. When the independent 
variable would be associated with the event of interest in an opposite way than with the 
competing events, the SHR would be higher than both HRs from the Cox analyses.
Differences in labour force exit probabilities were found between European regions. In 
the oldest age group exit through disability benefits and unemployment was lowest in 
Southern Europe. These exit routes were strongest related to poor health. Since labour 
force participation among 50-54 year old subjects at enrolment in the SHARE study was 
lowest in Southern Europe, some differences in health selection out of the workforce 
may have already occurred before the age of 50 years. Exit trough the more voluntary 
routes, early retirement and becoming economically inactive, was lowest in Scandinavian 
countries. This is in concordance with a comparative study in Europe indicating that the 
Scandinavian welfare regime facilitates to a larger degree an inclusive labour force than 
other welfare states [11]. 
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Strengths and limitations
Strengths of our study are its longitudinal character, the use of a large international 
dataset, and the use of competing risk analysis to estimate the overall relation between 
poor health and exit from paid employment as well as the absolute risks for labour 
force exit. Furthermore, the associations were estimated with two Cox models as well a 
competing risk method , allowing us to compare different analytical techniques. However, 
some considerations have to be addressed. First, retirement and early retirement were 
defined by the country specific retirement age at the time of the start of SHARE (i.e. 
2004). Nowadays, the official retirement age is rising in most Western countries. However, 
since this is a gradual process we did not expect major influence on the outcomes of the 
study. Second, our analyses did not take into account re-entering to paid employment 
after leaving the labour force. Yet, the percentage of people re-entering the work force is 
relatively low, ranging from roughly 30% for unemployed to 1% for early retirement. These 
numbers are similar to what has previously been reported in other studies [8, 48]. 
CONCLUSION
Workers with poor health, compared with workers with good health, have a higher risk of 
disability benefit and unemployment, a slightly increased risk of becoming economically 
inactive, but no elevated risk of early retirement. The absolute risks of labour force exit 
differed per European region. The choice of analytical technique influenced the strength 
of the associations. The conventional Cox analysis overestimates relative as well as 
absolute risks. The Fine & Gray model allows for better estimation of relative and absolute 
risks of leaving the labour force in the presence of competing exit routes. 
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ABSTRACT
Background
The work ability index (WAI) is a frequently used tool in occupational health to identify 
workers at risk for a reduced work performance and for work-related disability. However, 
information about the prognostic value of the WAI to identify workers at risk for sickness 
absence is scarce.
Objectives
To investigate the prognostic value of the WAI for sickness absence, and whether the 
discriminative ability differs across demographic subgroups.
Methods
At baseline, the WAI (score 7-49) was assessed among 1,331 office workers from a Dutch 
financial service company. Sickness absence was registered during 12-months follow-up 
and categorised as 0 days, 0<days<5, 5≤days<15, and ≥15 days in one year. Associations 
between WAI and sickness absence were estimated by multinomial regression analyses. 
Discriminative ability of the WAI was assessed by the Area Under the Curve (AUC) and 
Ordinal c-index (ORC). Test characteristics were determined for dichotomised outcomes. 
Additional analyses were performed for separate WAI dimensions, and subgroup analyses 
for demographic groups.
Results
A lower WAI was associated with sickness absence (≥15 days vs. 0 days: per point lower 
WAI score OR=1.27; 95%CI 1.21-1.33). The WAI showed reasonable ability to discriminate 
between categories of sickness absence (ORC=0.65; 95%CI 0.63-0.68). Highest 
discrimination was found for comparing workers with ≥15 sick days with 0 sick days 
(AUC=0.77) or with 1-5 sick days (AUC=0.69). At the cut-off for poor work ability (WAI≤27) 
the sensitivity to identify workers at risk for ≥15 sick days was 7.5%, the specificity 99.6%, 
and the positive predictive value 82%. The performance was similar across demographic 
subgroups.
Conclusions
The WAI could be used to identify workers at high risk for prolonged sickness absence. 
However, due to low sensitivity many workers will be missed. Hence, additional factors 
are required to better identify workers at highest risk.
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INTRODUCTION
With an ageing population there is a need to retain healthy and productive workers. 
Prevention of, especially long-term, sickness absence can contribute to this goal. Since 
workers with multiple episodes or long-term sickness absence have an increased risk 
for mortality and are more likely to exit the labour force through disability benefits and 
unemployment [1–6], it would be helpful to identify high-risk workers before sickness 
absence occurs.
Several studies have suggested that the work ability index (WAI) could be used as a 
predictive tool to identify workers at high risk for long-term sickness absence or disability 
benefits [7–9]. The WAI is a frequently used tool in occupational health to assess a person’s 
work ability on a sum score between 7 and 49 in order to prevent temporary or permanent 
exit from work [10,11]. There is evidence that poor or moderate work ability, as compared 
to excellent work ability, is related to, especially long-term, sickness absence. Kujala et al 
(2006) reported an elevated risk for > 9 days of sickness absence among employed Finnish 
men and women with poor or moderate work ability in their early 30s (odds ratios ranging 
from 2.10 to 5.47) [8]. Alavinia et al (2009) showed similar findings among construction 
workers (rate ratios ranging from 2.35 for moderate spells of sick leave, to 3.76 for long 
spells) [12].
However, these associations do not provide insight into how well the WAI discriminates 
between workers with and without future sickness absence. Therefore, quantification 
of the discriminative ability of the WAI is needed. Among construction workers, the WAI 
discriminated adequately between workers at high-risk and low-risk for future disability 
benefits with an area under the curve (AUC) of 0.78 [13]. Among workers with chronic back 
pain, similar findings were reported. Those with a WAI score of 20 points or less had a 16-
fold higher risk for disability benefits than those with a higher WAI score (AUC 0.80) [14]. At 
this moment, information about the prognostic value of the WAI to discriminate between 
workers with different durations of sickness absence is scarce. To the knowledge of the 
authors there is only one study which investigates whether the WAI is a suitable screening 
instrument for long-term sickness absence [15]. Furthermore, it remains unknown 
whether the discriminative ability differs across age, sex, and education groups, which are 
found to be important individual determinants of sickness absence [16]. This study aims 
to investigate 1) the prognostic value of the WAI in the prediction of sickness absence, and 
2) whether the discriminative ability differs across sex, age, and educational groups.
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METHODS
Study design and population
This longitudinal study with 12-months follow-up is part of a larger study aiming to 
gain insight into the impact of a web-based health promotion program on absenteeism 
[17]. Workers from a Dutch financial services company who completed participation in 
a Health Risk Assessment (HRA), called PreventionCompass [17], were included in this 
study. Pregnant women were excluded from participation in the HRA. Based on a previous 
reported participation level of 34% [18], it was estimated that approximately 11,000 
workers were invited to participate in the HRA between August 1 2007 and July 1 2009. 
The sickness absence register was made available for the study period only. Therefore, to 
allow a full follow-up of 12 months, only workers who enrolled in the HRA before June 30 
2008 were eligible for participation in the current study. Because of the limited capacity 
for onsite collection of biometric measurements, workers were gradually invited to 
participate in the HRA. A total of 3,826 workers participated in the HRA between August 1 
2007 until July 1 2009. Of them, 1,351 participated before June 30 2008 and were eligible 
for participation in this study. Complete information on sickness absence, work ability, 
and individual characteristics was available for 1,331 workers.
At inclusion a web-based health questionnaire was completed (30–45 minutes), biometric 
measurements (height, weight, waist circumference, blood pressure) were taken, 
and laboratory samples were tested. The health questionnaire included questions 
on individual characteristics, work, lifestyle, personal health history, family risk, and 
psychological health factors. Based on the health questionnaire completion date, a 
12-month follow-up period was defined for each participant in the study. Workers with 
incomplete data on sickness absence, work ability, or individual characteristics were 
excluded from the analyses.
Ethical statement
Participants were invited by the company’s human resources department, who 
sent anonymous emails based on a random selection of workers by month of birth. 
The invitation e-mail included information on the HRA and informed workers that 
participation was voluntary and at no cost, that all personal information would be treated 
confidentially, and that no individual results would be shared with their employer or other 
parties [17]. A single reminder was sent after two weeks.
Observational research with questionnaire data does not fall within the ambit of the 
Dutch Act on research involving human subjects and does not require the approval of an 
ethics review board. In accordance with the requirements for identifiable data collection 
in the Dutch Code of Conduct for Observational Research digital informed consent was 
obtained from all study participants as part of the activation procedure of their online 
PreventionCompass account [19]. NIPED does collect and process personal information 
in the HRA. However, NIPED acts in accordance with the Dutch data protection act, in its 
use of personal details. Only anonymized data were made available to the researchers of 
the Erasmus MC.
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Sickness absence
During the study period, the sickness absence register was maintained by the occupational 
health service, which registered frequency and duration of every absence episode. 
Sickness absence was registered as calendar days from the first sick day onwards. In 
the analyses, absence episodes of three days or more were multiplied by the fraction of 
employment for part-time workers. The total number of sick days during the one year 
follow up period was categorized into 0 days (no absence), 0<days<5 (less than one week), 
5≤days<15 (between 1 and 2 weeks), and ≥ 15 days (more than 2 weeks). These categories 
reflect different actions undertaken in the disease management, varying from a single 
contact by the supervisor to involvement of the occupational health physician. Specific 
diagnosis of the disease resulting in sickness absence was not made available to the 
researchers.
Work ability
Work ability was measured using the WAI, which has been shown to be a valid, reliable, 
and crossnational instrument for use in occupational health [20– 22]. The WAI consists 
of 7 dimensions. Dimension 1 asks to indicate on a scale from 0 (not able to work) to 
10 (lifetime best) to estimate the current work ability compared with the lifetime best. 
Dimension 2 contains two questions and assesses on a 5-point scale ranging from 1 
(very poor) to 5 (very good) the subjective current work ability in relation to the physical 
and mental demands of work (sum score of dimension 2 ranges from 2–10). Dimension 3 
assesses the number of diseases diagnosed by a physician. To prevent overlap in the HRA 
questionnaire, the presence of diseases was ascertained using questions on the personal 
health history instead of the list of 14 diseases asked in the WAI (i.e. injury due to accident, 
musculoskeletal disease, cardiovascular disease, respiratory disease, mental disorder, 
neurological or sensory disease, digestive disease, genitourinary disease, skin disease, 
tumour or cancer, endocrine or metabolic disease, blood disease, heritable disease, other 
disorders/diseases). The questions on personal health history encompassed all disease 
categories included in the WAI, except skin disease and heritable diseases.
The number of diseases are accumulated, and scores for this dimension range from 1 (≥5 
diseases) to 7 (0 diseases). Dimension 4 assesses on a six point scale ranging from 1 (fully 
impaired) to 6 (no impairments) the subjective estimation of work impairments due to 
disease by asking whether the illness is a hindrance in their job. Dimension 5 concerns 
the number of days off work due to sick leave in the previous 12 months, with answering 
categories ranging from 0 days (5) to 100 days or more (1). Dimension 6 asks ‘Do you believe, 
according to your present state of health, that you will be able to do your current job two 
years from now?’. A score of 1 (hardly able to work), 4 (not sure), or 7 (fairly sure) could 
be obtained. Dimension 7 assesses the mental resources in the past few months using 
three questions concerning enjoying regular daily activities, being active and alert, and 
feeling to be full of hope about the future, with answering categories ranging from ‘never’ 
(0) to ‘always’ (4). For dimension 7 a sum score was calculated, leading to a score of 1 (if 
the sum score ranged between 0–3 points) to 4 (if the sum score ranged between 10–12 
points) [ 23, 24]. The total WAI score was calculated as the sum score of the 7 dimensions 
and ranges from 7–49. The WAI was categorised into “poor” (7–27), “moderate” (28–36), 
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“good” (37–43), and “excellent” (44–49) work ability [24]. The WAI score was converted 
so that the highest value (49) represented the poorest work ability and the lowest value 
(7) the best work ability in order to describe that lower work ability is a risk factor for a 
greater number of sick days. The converted score was used in all analyses, except for the 
descriptive statistics, to facilitate the interpretability of the results.
Individual factors
Information on sex, age, and education was collected in the baseline questionnaire. Age in 
years was categorised into three groups: < 40 years, 40–49 years, and ≥ 50 years. Education 
was measured as the highest educational level ever completed and classified into three 
groups: high (higher vocational schooling, or university), middle (higher secondary 
schooling, or middle vocational schooling), and low (primary school, lower and middle 
secondary schooling, or lower vocational schooling).
Statistical analysis
For the main variables descriptive statistics were generated, i.e. numbers and percentages 
for dichotomous and categorical variables, and means and standard deviations for 
continuous variables. Univariate and multivariable multinomial logistic regression 
analyses were used to assess the association of the WAI score and individual characteristics 
with the occurrence of sickness absence. To assess the fit of the multinomial model a 
post estimation for goodness-of- fit was performed [25]. Although sickness absence 
is an ordinal variable, a multinomial regression analysis rather than an ordinal logistic 
regression analysis was performed to gain insight into the associations across the specific 
sickness absence categories. Previous studies have shown that short-term and long-term 
sickness absence are different types of sickness absence and have different determinants 
[6,16,26,27]
To assess the ability of the WAI to discriminate between workers with different durations 
of sickness absence, pairwise AUC’s were estimated. The pairwise AUC compares each 
pair of categories using only those workers that belong to one of the two categories at 
hand [28]. For our study there are four categories of sickness absence, hence, six pairwise 
AUC’s were estimated. To determine the overall ability of the WAI to discriminate correctly 
between these categories of sickness absence the ordinal cindex (ORC) was estimated as 
the average of all pairwise AUC’s [29]. The 95% confidence intervals (95%CI) were estimated 
with bootstrapping using 200 bootstrap replications [29]. The ORC is an attractive measure 
since it summarizes the discriminative ability for ordinal outcomes into one single metric 
that can be compared directly with the AUC measure for a dichotomous outcome. The 
ORC is similarly interpreted as the traditional AUC: a value of 0.5 indicates a discriminative 
ability not better than chance, an AUC of 1.0 indicates perfect discrimination [29]. The 
discriminative ability was also estimated for each separate WAI dimension. Additionally, 
the discriminative ability of the WAI was assessed after removing the single dimensions in 
order to explore whether the prognostic value of the WAI was mainly driven by one of its 
dimensions. To assess whether the discriminative ability of the WAI was different across 
sex, age, and educational groups, subgroup analyses were performed.
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Test characteristics (sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV)) of the total WAI score were assessed at the cut-off between poor 
and moderate work ability (≤ 27) and at the cut-off between moderate and good work 
ability (≤ 36). ROC curves were created to calculate the AUC. Subsequently, sensitivity and 
specificity were assessed for different numbers of sick days (0 days vs. ≥ 1 days; < 5 days 
vs. ≥ 5 days; < 15 days vs. ≥ 15 days). The PPV was estimated as the true positives divided 
by the total positives. The NPV was estimated as the true negatives divided by the total 
negatives.
All analyses were conducted with SPSS 20.0 for Windows (IBM Software, Chicago), except 
for the calculation of the 95%CI around the ORC, which were calculated with R, version 
(R_3.0.3.tar.gz) (R Foundation for Statistical Computing, Vienna). Confidence intervals 
for the test characteristics were estimated using efficient-score method, described by 
Newcombe [30,31]. A p-value <0.05 was considered statistically significant.
RESULTS
The characteristics of the study population are presented in Table 1. Nearly half of the 
population was female (46.8%), and age ranged from 21–62 years, with a mean of 43.3 
years (±8.9 years). One fifth of the population had a low educational level (20.4%).
WAI as a determinant of sickness absence
During the follow-up period, 80% of the study population had at least one day of sickness 
absence. Almost one fifth (19.5%) was absent from work ≥ 15 days due to sickness (Table 
1).
Table 2 shows that workers with lower work ability were more likely to have sickness 
absence (OR per point lower WAI score: 1.10, 1.13, and 1.27 for 0<days< 5, 5≤days<15, and 
≥ 15 days versus 0 days). The goodness-of-fit analysis of the multivariable multinomial 
regression analysis showed that the estimated probabilities and observed probabilities 
did not significantly differ (p-value = 0.11), and thus was sufficient.
When using the traditional four categories of the WAI index, there was a clear upward 
trend for lower WAI categories with larger odds ratios for greater number of sick days, i.e. 
workers with a poor/moderate (OR 15.14, 95% CI 7.69–29.81), or good (OR 4.12, 95%CI 2.77– 
6.14) work ability had a higher likelihood on ≥ 15 sick days than workers with excellent 
work ability (appendix S1 Table).
Prognostic value of the WAI
The ORC was 0.65 (95%CI 0.63–0.68), representing a 65% probability that the WAI correctly 
separates two cases from two randomly chosen categories of sickness absence. Figure 
1 shows that the WAI fails to separate workers without sickness absence from workers 
with 0<days<5 of absence. The WAI could best discriminate between workers with 0 or 
0<days<5 sick days and workers with ≥ 15 sick days (AUC 0.77, and 0.69 respectively).
104
Dimension five (i.e. sickness absence in previous year) had the best discriminative ability 
(ORC 0.67, 95%CI 0.65–0.70) as compared to the other WAI dimensions (Table 3). Excluding 
dimension five from the total WAI score resulted in a minor decrease in ORC from 0.65 to 
0.63 (Table 3). Exclusion of other dimensions also resulted in minor changes in ORC of 0.01, 
or no change at all.
Figure 2 presents the test characteristics of the WAI for predicting different numbers of sick 
days. At the cut-off between poor and moderate work ability (score ≤ 27) the sensitivity 
was 7.5%, specificity 99.6%, and PPV 82.0% (NPV was also 82.0%) for < 15 sick days vs. ≥ 15 
sick days. At the cut-off between moderate and good work ability (score ≤ 36) sensitivity 
increased to 23.5%, but specificity and PPV decreased to 93.5% and 46.7%, respectively, 
for <15 sick days vs. ≥ 15 sick days.
Table 1. Characteristics of study sample consisting of office workers (n = 1,331).
n (%) or mean ±sd
Work ability and sickness absence
Work ability index (7–49)a 42.1 ±4.8
Work ability index category
Excellent 589 (44.3)
Good 594 (44.6)
Moderate 122 (9.2)
Poor 26 (2.0)
Cumulative number of sick days during 1 year
0 days 266 (20.0)
0<days<5 404 (30.4)
5≤days<15 401 (30.1)
≥ 15 days 260 (19.5)
Individual factors
Sex, female 623 (46.8)
Age
< 40 490 (36.8)
40–50 480 (36.1)
≥ 50 361 (27.1)
Education
High 561 (42.1)
Middle 499 (37.5)
Low 271 (20.4)
a higher scores indicate better work ability. n: number of workers; sd: standard deviation. 
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Discriminative ability of the WAI for sickness absence across 
subgroups
The ability of the WAI to discriminate between different categories of sickness absence was 
similar for male and female office workers (ORC 0.66 versus 0.64), as well as for different 
age groups (ORC 0.65). No differences in discriminative ability were observed between 
educational groups (high: ORC 0.66, 95%CI 0.61–0.71, middle: ORC 0.62, 95%CI 0.59–0.66, 
and low: ORC 0.66, 95%CI 0.62–0.71) (appendix S2 Table).
Table 2. Univariate and multivariable multinomial regression analyses with odds ratios and 95% confidence intervals for the 
association between work ability, and individual factors with sickness absence among office workers (n = 1,331).
Univariate Multivariable
Sickness absence Sickness absence
0<days<5a
OR(95%CI)
5≤days<15a
OR(95%CI)
≥ 15 daysᵃ
OR(95%CI)
0<days<5ᵃ
OR(95%CI)
5≤days<15ᵃ
OR(95%CI)
≥ 15 daysᵃ
OR(95%CI)
Work ability index (WAI)
WAI score 
(7–49)ᵇ
1.10 
(1.05–1.15)
1.13 
(1.08-1.18)
1.27 
(1.21–1.33)
1.11 
(1.06–1.16)
1.15
(1.10–1.20)
1.27 
(1.21–1.33)
Individual factors
Sex, 
female
1.56 
(1.14–2.13)
1.39 
(1.01–1.90)
1.51
(1.07–2.14)
1.23 
(0.87–1.73)
1.06 
(0.75–1.50)
1.15 
(0.77–1.70)
Age years
< 40 1 1 1 1 1 1
40–50 0.75 
(0.52–1.08)
0.82 
(0.57–1.19)
1.30 
(0.85–1.98)
0.71 
(0.48–1.05)
0.75 
(0.51–1.11)
0.99 
(0.62–1.57)
≥ 50 0.49 
(0.33–0.73)
0.53 
(0.36–0.78)
1.16 
(0.75–1.78)
0.42 
(0.27–0.65)
0.41
(0.26–0.64)
0.62 
(0.37–1.05)
Edu cation
High 1 1 1 1 1 1
Middle 0.98 
(0.69–1.38)
1.14 
(0.81–1.61)
1.91 
(1.29–2.84)
0.94 
(0.65–1.34)
1.07 
(0.75–1.54)
1.53 
(1.00–2.35)
Low 1.17 
(0.76–1.79)
1.16 
(0.75–1.79)
2.78 
(1.74–4.43)
1.29 
(0.80–2.08)
1.24 
(0.77–2.02)
2.10
(1.23–3.58)
a0 days of sickness absence is reference category. blower scores indicate better work ability. Bold p-value <0.05; OR: odds ratio; 95% CI: 
95% conﬁdence interval; n: number of workers.
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Figure 1. Pairwise AUCs: ability of the work ability index (WAI) to discriminate between categories of sickness absence. AUC: Area 
under the curve.
Table 3. Discriminative ability of the WAI dimensions in the prediction of different durations of sickness absence among office 
workers (n = 1,331).
Single dimensionsᵃ
ORC (95%CI)
Exclusion analysesᵇ
ORC (95%CI)
Dim 1. Subjective work ability 0.59 (0.55–0.61) 0.66 (0.64–0.68)
Dim 2. Work ability in relation to demands 0.60 (0.57–0.62) 0.65 (0.63–0.67)
Dim 3. Number of diseases 0.59 (0.56–0.61) 0.65 (0.62–0.67)
Dim 4. Work impairments 0.58 (0.56–0.60) 0.65 (0.63–0.67)
Dim 5. Sick leave past year 0.67 (0.65–0.70) 0.63 (0.60–0.65)
Dim 6. Prognosis of work ability 0.52 (0.51–0.54) 0.65 (0.63–0.68)
Dim 7. Mental resources 0.56 (0.54–0.58) 0.65 (0.63–0.68)
adiscriminative ability of the single WAI dimensions. bdiscriminative ability of the total WAI score minus a dimension. Bold p-value 
<0.05; ORC: ordinal c-index; 95% CI: 95% conﬁdence interval; Dim: dimension.
.
.
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Figure 2. Test characteristics (sensitivity, specificity, and positive predictive value) at different cut-off values of the work ability 
index (WAI) for different durations of sickness absence.
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DISCUSSION
Until now, information about the prognostic value of the WAI was scarce. In this study the 
WAI showed a reasonable ability to discriminate between different durations of sickness 
absence. The WAI could fairly well identify workers with prolonged sickness absence 
from workers without absence or with low absence. This confirms that the WAI could be 
used to identify workers at risk for prolonged sickness absence. Although the WAI had a 
high specificity, its sensitivity was low. Due to this low sensitivity, not all workers with 
prolonged sickness absence are identified by a low work ability score. The discriminative 
ability did not differ between demographic subgroups.
In the Netherlands, workers are required to call in sick for work to their employer on the 
first day of their absence. A worker will be paid at least 70% of his/her full salary during 
the first two years of sickness absence. A worker is eligible for disability benefit after 
the first two years of sickness absence [8,32,33]. In our study population 19.5% of the 
participants had prolonged sickness absence (≥15 days) during the follow-up year. This 
is comparable with the findings of other Dutch studies (16–21%) [12,26,34]. However, 
80% of our participants had at least one day of sickness absence. Other Dutch studies 
reported lower prevalences of sickness absence (34–58%) [ 12,26,34]. These differences 
in short-term sickness absence may be explained by differences in study population and 
measurement method.
Previous studies found that lower work ability was associated with sickness absence 
[8,12,35], disability benefits [22], and productivity loss at work [36]. This study confirmed 
that a lower WAI score was related to sickness absence, especially ≥ 15 sick days. Moreover, 
we found that the WAI was able to correctly discriminate between four categories of 
sickness absence in 65% of the cases. Discrimination between workers without sickness 
absence and workers with ≥ 15 sick days was even better (77% correct classification of 
the cases). A recent study found a very similar ability of the WAI to discriminate between 
workers with more than 14 sick days and those with less than 14 sick days (AUC 0.78) 
[15]. Besides, this trend in discriminative ability is similar to the earlier reported trend 
in associations between a lower work ability score and sickness absence, which are 
systematically stronger for a greater number of sick days [8, 12, 35].
The results of this study show that the overall ability of the WAI to discriminate between 
the four categories of sickness absence was reasonable. The WAI discriminated best 
between 0 or 0<days<5 sick days versus ≥ 15 sick days. This indicates that the WAI could 
be used as a tool to identify office workers at future risk for prolonged sickness absence. 
However, at the cut-off between poor and moderate work ability only 7.5% of the workers 
with ≥ 15 sick days were identified by their poor work ability score. On the other hand, the 
PPV of 82% indicates that from all workers with a poor work ability score at baseline, 82% 
had ≥ 15 sick days at follow-up. For the practical use of the WAI in public and occupational 
health care this suggests that workers with a poor work ability score are highly likely to 
have ≥ 15 sick days in the next 12 months, but that many workers with sickness absence 
of two weeks or more will not be identified by a poor work ability score. Hence, additional 
factors are required to better identify workers at highest risk for prolonged sickness 
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absence. Introducing a higher cut-off in the WAI, for example between moderate and good 
work ability, might also be a solution. It improves the sensitivity to 24%, however, at the 
expense of lower specificity and PPV.
Since workers with poor work ability are highly likely to have prolonged sickness absence 
in the next 12 months, interventions aiming at prevention of prolonged sickness absence 
could be targeted at workers with poor (and moderate) work ability. However, one has 
to recognize that many workers at risk for prolonged sickness absence will be missed 
when only focusing on the WAI score. Therefore, additional information on risk factors for 
sickness absence, such as on the private situation, organizational factors, or on physical 
and psychosocial work related factors, and lifestyle related factors, may be needed to 
better identify those workers at highest risk.
To the knowledge of the authors this is the first study that evaluated the prognostic value 
of the individual dimensions of the WAI. The first dimension of the WAI (i.e. self-assessed 
current work ability, range 0–10) has often replaced the WAI in clinical and population-
based studies [37,38]. A Swedish study concluded that the first dimension of the index 
and the full WAI had a very strong correlation (Spearman r = 0.87) and showed similar 
associations with degree of sick leave [39]. However, our study indicates that the whole 
index has a somewhat better discriminative ability (ORC 0.65) than the first dimension of 
the WAI (ORC 0.59).
Among construction workers, Roelen et al (2014) found similar results, whereby the first 
dimension had a fair discriminative ability (AUC = 0.67), while the total index had an 
adequate discriminative ability (AUC = 0.78) to identify workers at risk for disability benefit 
[13]. The differences in outcomes between the studies may be explained by the fact that 
the Swedish study focused on correlations and associations while our study and that of 
Roelen et al (2014) focused on the discriminative ability. Furthermore, the Swedish study 
consisted of female workers who were already on long-term sick leave, while our study 
consisted of male and female office workers. This may also have contributed to different 
findings.
Despite the fact that a previous review reported an association between individual 
characteristics and sickness absence [16], there were no large differences in the 
discriminative ability of the WAI across age, sex, and educational groups. This indicates a 
generic discriminative ability of the WAI in the identification of sickness absence.
Strengths and limitations
Some strengths and limitations need to be considered. The large study population, 
longitudinal data, and register-based information regarding the number of sick days 
are strengths of this study [40,41]. A first important consideration is the fact that the 
WAI includes information on previous sickness absence. From other studies it is known 
that sickness absence in previous years is a predictor for future sickness absence [42,43]. 
However, the exclusion analysis indicated that the discriminative ability of the WAI was 
not fully driven by this single dimension. Second, selection bias cannot be ruled out, 
since it is not clear whether the respondents are a representative sample of all workers 
in the financial service company. Overall, participation in the HRA was not selective for 
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education, gender, and age [44]. Therefore, the potential effect of this bias is considered 
low. Third, this study was conducted among office workers (i.e. white-collar workers) in 
the financial industry in midst of the global financial crisis. Therefore, it remains unknown 
whether our results are generalizable to occupations with a higher physical workload (i.e. 
blue-collar workers). However, it is likely that results will be comparable since studies on 
the association between work ability and sickness absence show similar results for both 
occupational groups [8,12]. Fourth, the presence of diseases diagnosed by a physician 
was ascertained using the questions on personal health history rather than the original 
third dimension of the WAI. The items on personal health history encompassed all 
disease categories included in the original WAI index question, except for skin disease 
and heritable diseases. This may have resulted in a slightly lower disease prevalence and 
hence a slightly higher WAI score. Last, when interpreting the results one has to keep in 
mind that this tool is aimed at a selective primary prevention strategy and should be used 
only within workplaces where workers have sufficient employment protection against 
health-related redundancy policies.
CONCLUSION
Until now, information about the prognostic value of the WAI was scarce. From this study 
we can conclude that the work ability index is able to identify workers with prolonged 
sickness absence fairly well. This indicates that the WAI could be used to identify workers 
at high risk for prolonged sickness absence. However, due to a low sensitivity, not all 
workers with prolonged sickness absence are identified by a low work ability score. 
Hence, additional factors are required to better identify workers at risk for prolonged 
sickness absence.
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APPENDIX
S1 Table. Univariate multinomial regression analyses with odds ratios and 95% confidence intervals for the association between 
categories of work ability with sickness absence among office workers (n = 1,331). 
Sickness absence
0 < days < 5ᵃ 5 ≤ days < 15ᵃ ≥ 15 daysᵃ 
OR (95% CI) OR (95% CI) OR (95% CI)
Work ability categories
Excellent 1 1 1
Good 1.80 (1.29-2.51) 2.77 (1.99-3.87) 4.12 (2.77-6.14)
Moderate 2.36 (1.15-4.84) 3.29 (1.61-6.73) 11.66 (5.70-23.84)
Poor 2.59 (0.27-25.14) 2.19 (0.20-24.42) 53.44 (7.03-406.39)
a0 sick days is reference category. Bold p-value <0.05; OR: odds ratio; 95% CI: 95% confidence interval; n: number of workers. 
S2 Table. Discriminative ability of the WAI in the prediction of different durations of sickness absence among office workers, 
subgroup analysis (n = 1,331). 
Discriminative ability 
ORC (95% CI)
Sex
Male 0.66 (0.61-0.69)
Female 0.64 (0.61-0.68)
Age
< 40 0.65 (0.60-0.69)
40-50 0.65 (0.62-0.69)
≥ 50 0.65 (0.61-0.70)
Education
High 0.66 (0.61-0.71)
Middle 0.62 (0.59-0.66)
Low 0.66 (0.62-0.71)
Bold p-value <0.05; WAI: Work ability index; ORC: ordinal c-index; 95% CI: 95% confidence interval.
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ABSTRACT 
Purpose 
The aim of this study was to explore how work impairments and work ability are associated 
with health care use by workers with musculoskeletal disorders (MSD), cardiovascular 
disorders (CVD), or mental disorders (MD). 
Methods 
In this cross-sectional study, subjects with MSD (n = 2,074), CVD (n = 714), and MD (n = 
443) were selected among health care workers in 12 Dutch organizations. Using an online 
questionnaire, data were collected on individual characteristics, health behaviors, work 
impairments, work ability, and consultation of a general practitioner (GP), physiotherapist, 
specialist, or psychologist in the past year. Univariate and multivariate logistic regression 
analyses were performed to explore the associations of work impairments and work 
ability with health care use. 
Results 
Lower work ability was associated with a higher likelihood of consulting any health care 
provider among workers with common disorders (OR 1.05–1.45). Among workers with 
MSD work impairments increased the likelihood of consulting a GP (OR 1.55), specialist 
(OR 2.05), and physical therapist (OR 1.98). Among workers with CVD work impairments 
increased the likelihood of consulting a specialist (OR 1.94) and physical therapist (OR 
2.73). Among workers with MD work impairments increased the likelihood of consulting a 
specialist (OR 1.79) and psychologist (OR 1.82). 
Conclusion 
Work impairments and reduced work ability were associated with health care use among 
workers with MSD, CVD, or MD. These findings suggest that addressing work-related 
problems in workers with common disorders may contribute in reducing health care 
needs.
Key words
Cardiovascular disease; Health care utilization; Mental disorders; Musculoskeletal disease; 
Work ability; Work impairments 
INTRODUCTION
Health care use and subsequent costs are rising in Western countries [1, 2]. In the 
Netherlands, health care expenditures have almost doubled in the past decade, which can 
only partly be attributed to aging of the population [3]. The total health care costs were 
approximately 74 billion euro in 2007 (for 16 million inhabitants) of which cardiovascular 
disorders (CVD) accounted for 9.3%, mental disorders (MD) excluding dementia and 
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mental disabilities for 9.1%, and musculoskeletal disorders (MSD) for 6.6% [4–6]. In order 
to retain an affordable health care it is important to identify modifiable risk factors for 
health care use which may be targeted in interventions.
To date, numerous studies have reported that health care use is associated with the 
presence and severity of diseases [7–9]. Similarly, the role of individual characteristics 
[9–11] and lifestyle [12–14] on health care use among those with health complaints is well 
studied. Since the majority of adults are engaged in paid employment, it is of particular 
interest to evaluate how well workers with health problems cope with demands at work. It 
has been well documented that poor health is an important predictor of productivity loss 
at work, sickness absence, decreased work ability, and exit from work [15–19]. Surprisingly, 
less is known about how the interplay between work demands and perceived health 
problems may influence health care use. Several studies have shown that a decreased 
work ability, defined as a person’s physical and mental ability to cope with the demands 
of work [20], is associated with increased sickness absence (RR 3.58), productivity loss 
at work (OR 4.08–5.54), and disability pension (OR 34.16) [19, 21–23]. Previous research 
has also suggested an association between adverse physical and psychosocial work-
related factors and higher health care use among people with MSD [24, 25]. Similarly, in 
the general working population, psychosocial risk factors at work were found to prompt 
visiting a general practitioner (GP) or specialist [26].
Although some studies have identified the influence of work-related risk factors for 
increased health care use, the importance of work impairments due to health problems 
and the work ability on health care use have barely been studied. While previous studies 
often focused on health care use for one particular disease, this study incorporated 
workers with three common disorders (physical as well as mental) which account for a 
substantial proportion of health care expenditures.
This present study aims to investigate the association of work impairments and work 
ability with health care use among workers with MSD, CVD, and MD.
METHODS
Study Sample and Data Collection
The study population consisted of workers from 12 health care organizations in Limburg, 
the Netherlands. These organizations comprised a hospital (n = 1), a nursing home (n 
= 1), homes for physically or mentally handicapped persons (n = 4), mental health care 
organizations (n = 4), a home care organization (n = 1), and a maternal care organization 
(n = 1). These organizations had commissioned an occupational health organization to 
launch a program to investigate the sustainable employability of their workforce. As 
part of this program, an online questionnaire survey was conducted on health, health 
care use, work ability, and work impairments. Each participant was notified at the start 
of the questionnaire that the information would be used for scientific purposes and that 
filling out the questionnaire was considered as informed consent. It was ensured by the 
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occupational health organization that all potentially identifying information, such as 
names of workers, company or department, was removed from their database before 
data transfer to Erasmus MC, who guaranteed strict confidentiality of individual, non-
coded information. This procedure is in agreement with the Dutch Code of Conduct for 
health research [27].
All workers from the participating organizations (n = 9,516) were invited by the 
occupational health organization by regular mail or email, which provided workers 
with an individualized password, to fill out the questionnaire on a secure website. Data 
collection took place between September 2011 and July 2012. The response ranged from 
39 to 95% across organizations. Total response was 55% (n = 5,217), nine workers were 
excluded from the analysis because of incomplete data. Thus, complete data on health 
care use, work impairments, work ability, lifestyle, and individual characteristics were 
available for 5,208 workers.
In the questionnaire each respondent indicated on a list of 13 disorders (accident, MSD, 
CVD respiratory disorder, MD neurological disorder, genitourinary disorder, endocrine 
disorder, skin disorder, tumors, digestive system disorder, blood disorder, heritable 
disorder) whether they had a disorder that was diagnosed by a physician. In the current 
study we selected the two disorders with the highest prevalence (MSD with 2,074 cases 
and CVD with 714 cases) and one disorder with a moderate prevalence but high health 
care use (MD with 443 cases).This selection covers 3 out of 4 chronic diseases with the 
highest burden of disease [28]. Some respondents had a combination of these disorders 
and they were considered in multiple categories.
Measures
Individual Characteristics, Health, and Lifestyle-Related Factors
Information on gender, age, and education was collected. Age in years was categorized 
into four groups < 30, 30–40, 40–50, and ≥ 50 years. Education was assessed by the highest 
degree obtained and classified into three groups, i.e. high (higher vocational schooling 
or university), intermediate (higher secondary schooling or intermediate vocational 
schooling), and low (primary school, lower and intermediate secondary schooling, or 
lower vocational schooling).
The presence of disorders was assessed with the third question of the work ability index 
(WAI) [20]. This question is a limitative list of 13 broad categories of currently present 
diseases, diagnosed by a physician, with dichotomous answers. This list of self-reported 
diagnosed disorders was used to select workers with MSD, CVD or MD, as well as to assess 
multimorbidity. Multimorbidity was considered present when a worker reported more 
than one disorder. Information on smoking, physical activity, and body mass index (BMI) 
was collected. Smoking was assessed using one question ‘Doe you smoke?’ (yes/no). 
Leisure-time physical activity was assessed on the basis of one question in workers wore 
daily physically active for at least 30 min during leisure-time (yes/no). Self-reported height 
in meters and weight in kilograms were assessed and were used to calculate BMI (kg/m2). 
Three BMI categories were defined: normal (BMI < 25 kg/m2), overweight (BMI between 25 
and 30 kg/m2), and obese (BMI ≥ 30 kg/m2) [29].
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Impairments and Work Ability
Work impairments were measured using the fourth question of the WAI list [20]. This 
question addressed current functional limitations due to health problems, based on 
an ordinal scale. Answers were classified into three categories: no impairments (no 
impairments or no disorders, diseases or complaints); moderate impairments (able to 
perform one’s job, but with some impairments or sometimes have to adjust working pace 
or the way of working); and severe impairments (individuals have often adjusted work 
pace and activities, or are capable only of part-time work, or are unable to work at all). 
Work ability was measured with the first question of the WAI [20]. This question rated a 
worker’s current work ability relative to the best work ability during their life on a 11-point 
scale ranging from zero (unable to work) tot ten (current work ability equals best work 
ability ever). Lower work ability was used as a continuous variable, expressed by the 
decrease in work ability relative to the maximum score of ten. 
Health Care Use
Self-reported information on consulting a health care provider in the previous 12 months 
was measured. Six dichotomous variables (yes/no) indicated whether a GP, specialist, 
physical therapist, psychologist, psychiatrist, or other health care provider had been 
consulted during the past 12 months. Due to similarities in underlying health problems, 
visiting a psychologist and psychiatrist were merged into one group. The group of ‘other 
health care providers’ was left out due to the large variety in health providers, like dentist 
or gynecologist, which were not considered relevant for the current study. The questions 
on health care use referred to health problems in general and were not specific for 
distinguished common disorders.
Analysis
For the main variables, descriptive statistics were generated, i.e. frequencies and 
percentages for dichotomous and categorical variables, and means and standard 
deviations for continuous variables. Logistic regression analyses were used to estimate 
among workers with specific disorders the associations between work impairments and 
lower work ability with health care use (consulting a GP, specialist, physical therapist, and 
psychologist or psychiatrist). Type of care was not mutually exclusive. All multivariate 
analyses were adjusted for individual characteristics (gender, age, and education level), 
multimorbidity, and lifestyle- related factors (smoking, physical activity, and BMI). The 
odds ratios (OR) with corresponding 95% confidence intervals (95%CI) were calculated as 
the measure of association. A p value below 0.05 was considered statistically significant. 
All analyses were conducted with the Statistical Package for Social Sciences (SPSS) 
version 20.0 for Windows (IBM Software, Chicago).
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RESULTS
The characteristics of the respondents with MSD, CVD, and MD are presented in Table 1. 
The majority of the total study population (n = 5,208) was female (80%) and age ranged 
from 17 to 66 years, with a mean of 43.2 years (± 11.4 years). Men (response 53%) and 
women (response 55%) were equally likely to fill in the questionnaire. Workers younger 
than 20 years of age (response 30%) were less likely to fill in the questionnaire than 
older workers (response 55%). Forty per cent of the workers had MSD, 14% CVD, and 9% 
MD. Severe work impairments were present in 11 % of workers and 36% had moderate 
impairments. Work ability was reduced on average by 2.1 points (±1.6). There was a 
moderate association between work impairments and work ability (Pearson r 0.38). Some 
workers had a combination of the three disorders of interest (MSD, CVD, MD), the overlap 
in this study between these disorders is shown in Figure 1. Multimorbidity with other 
disorders than MSD, CVD, or MD was also possible. Overall, multimorbidity was present in 
69% of those with MSD, 75% of those with CVD, and 85% of those with MD. Figure 2 shows 
that the GP was the most consulted health care provider in the previous 12 months, with 
75% among workers with MSD, 76% of those with CVD, and 82% of those with MD. Health 
care use of all providers was significantly different between the three disorders.
Determinants of Health Care Use
Musculoskeletal Disorder
Both work impairments and work ability were associated with consultation of any health 
care provider. The univariate analyses showed that workers with a lower work ability were 
more likely to consult a health care provider than workers with excellent work ability [ORs 
per 10% lower work ability ranged between 1.12 (95%CI 1.06–1.18) for physical therapist 
and 1.37 (95%CI 1.27–1.48) for psychologist/psychiatrist (data not shown)]. In the 
multivariate analyses including both work impairments and work ability and all potential 
confounders (individual characteristics, multimorbidity, and lifestyle- related factors) the 
strength of the association between work ability and health care use reduced slightly, 
ranging between 2% decrease for psychologist/psychiatrist (OR 1.37–OR 1.35) and 8% 
decrease for visiting a specialist (OR 1.20–OR 1.10). All associations remained statistically 
significant for all health care providers, except for physical therapists (OR 1.05, 95%CI 
0.99–1.12) (Table 2). Workers with moderate or severe work impairments were statistically 
significantly more likely to consult a GP, specialist, or physical therapist than workers who 
experienced no impairments (Table 2). A statistically significant trend was observed for 
increasing severity of work impairments and a higher likelihood to consult a specialist or 
physical therapist.
Cardiovascular Disorder
Both work impairments and lower work ability were associated with a higher likelihood 
of consulting a health care provider. Lower work ability was associated with a higher 
likelihood of consulting all health care providers in the univariate analyses [ORs per 10% 
decrease in work ability ranging between 1.23 (95%CI 1.11–1.36) for specialists and 1.51 
(95%CI 1.30–1.74) for psychologists (data not shown)]. In the multivariate analyses, the 
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strength of the association between work ability and health care use reduced, ranging 
between 4% decrease for visiting a GP (OR 1.28–OR 1.23) and 13% decrease for visiting a 
physical therapist (OR 1.24–OR 1.08). The associations between work impairments, work 
ability, and consulting a GP or a psychologist, remained statistically significant in the 
multivariate analysis (Table 2). Workers with severe work impairments were more likely 
to consult a specialist (OR 1.94, 95%CI 1.17–3.22) or physical therapist (OR 2.73, 95%CI 
1.58–4.70) than workers without work impairments (Table 2).
Table 1. Population characteristics of health care workers with MSD, CVD, and MD from 12 Dutch organizations
 
MSD 
(n=2,074)
CVD 
(n=714)
MD 
(n=443)
n (%) n (%) n (%)
Individual characteristics
Age
< 30 years 239 (11.5) 21 (2.9) 59 (13.3)
30-40 years 361 (17.4) 59 (8.3) 89 (20.1)
40-50 years 574 (27.7) 177 (24.8) 115 (26.0)
≥ 50 years 900 (43.4) 457 (64.0) 180 (40.6)
Gender, female 1694 (81.7) 517 (72.4) 348 (78.6)
Education
Low 245 (11.8) 118 (16.5) 49 (11.1)
Intermediate 1,164 (56.1) 333 (46.6) 243 (54.9)
High 665 (32.1) 263 (36.8) 151 (34.1)
Work-related factors
Work impairments 
No 517 (24.9) 262 (36.7) 83 (18.7)
Moderate 1,151 (55.5) 322 (45.1) 219 (49.4)
Severe 406 (19.6) 130 (18.2) 141 (31.8)
Reduced work abilityᵃ, mean (sd) 2.5 (1.7) 2.3 (1.5) 3.4 (2.0)
Multimorbidity
More than one disorder diagnosed 1,428 (68.9) 534 (74.8) 378 (85.3)
Lifestyle
Current smoker 483 (23.3) 137 (19.2) 127 (28.7)
Insufficient physical activity in leisure time 710 (34.2) 240 (33.6) 157 (35.4)
BMI
Normal weight 1,032 (49.8) 254 (35.6) 222 (50.1)
Overweight 737 (35.5) 305 (42.7) 145 (32.7)
Obese 305 (14.7) 155 (21.7) 76 (17.2)
a range 0-10, zero work ability in the best period, ten not able to work at al. MSD musculoskeletal disorder, CVD cardiovascular disorder, 
MD mental disorder, n number of workers, sd standard deviation, BMI body mass index
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Figure 1. Venn diagram for the overlap between MSD, CVD and MD within health care workers from 12 Dutch organizations. 
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Figure 2. Prevalence of health care use (GP, specialist, physical therapist, and psychologist/psychiatrist) among health care workers 
with MSD (n=2,074), CVD (n=714), and MD (n=443), from 12 Dutch organizations. 
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Mental Disorder
Both work impairments and work ability were associated with a higher likelihood of 
consulting a health care provider. Workers with a lower work ability were statistically 
significantly more likely to consult a GP, physical therapist, and psychologist than workers 
with excellent work ability [OR per 10% decrease in work ability ranging from 1.13 (9 %CI 
1.03–1.25) for physical therapists and 1.22 (95%CI 1.06–1.40) for GPs (data not shown)]. 
In the multivariate analyses, adjustment for confounders changed associations between 
work ability and health care use with less than 5%. Similar patterns were observed in the 
multivariate and univariate analyses for the associations between work impairments and 
consultation of a health care provider (Table 2). Although not statistically significant at p < 
0.05, the associations between severe work impairments and visiting a specialist (OR 1.79, 
95%CI 0.92–3.48) or a psychologist (OR 1.82, 95%CI 0.93–3.54) indicated that workers with 
severe work impairments were more likely to consult a specialist or a psychologist than 
workers without impairments (Table 2).
Table 2. Multivariate logistic regression analyses with OR and 95% confidence intervals for work impairments, lower work ability 
and health care use among health care workers with MSD, CVD, or MD, from 12 Dutch organizations. 
  GP Specialist Physiotherapist Psychologist
OR (95% CI)ᵇ OR (95% CI)ᵇ OR (95% CI)ᵇ OR (95% CI)ᵇ
MSD (n=2,074)
Work impairments 1 1 1 1
no 1.64 (1.29-2.08)* 1.19 (0.94-1.49) 1.33 (1.07-1.66)* 1.32 (0.84-2.09)
moderate 1.55 (1.09-2.21)* 2.05 (1.50-2.80)* 1.98 (1.46-2.68)* 1.34 (0.76-2.37)
severe
Lower work abilityᵃ 1.10 (1.02-1.18)* 1.10 (1.04-1.17)* 1.05 (0.99-1.12)† 1.35 (1.23-1.47)*
CVD (n=714)
Work impairments 1 1 1 1
no 1.23 (0.80-1.90) 1.52 (1.04-2.23)* 2.16 (1.41-3.32)* 1.76 (0.79-3.93)
moderate 0.89 (0.50-1.60) 1.94 (1.17-3.22)* 2.73 (1.58-4.70)* 1.61 (0.62-4.22)
severe
Lower work abilityᵃ 1.23 (1.06-1.42)* 1.11 (0.99-1.25)† 1.08 (0.96-1.21) 1.45 (1.22-1.72)*
MD (n=443)
Work impairments 1 1 1 1
no 1.55 (0.80-3.02) 1.25 (0.69-2.25) 1.45 (0.78-2.67) 1.55 (0.86-2.78)
moderate 0.98 (0.46-2.07) 1.79 (0.92-3.48)† 1.55 (0.78-3.07) 1.82 (0.93-3.54)†
severe
Lower work abilityᵃ 1.23 (1.06-1.43)* 0.99 (0.89-1.11) 1.11 (1.00-1.24)† 1.13 (1.01-1.26)*
a range 0/10, zero work ability in the best period, ten unable to work at all. b adjusted for individual factors (age, gender, education), 
mulimorbidity, and lifestyle related factors (smoking, physical activity, BMI). * p value < 0.05. † p value < 0.10. GP general practitioner, 
OR odds ratio, 95%CI 95% confidence interval, n number of workers, MSD musculoskeletal disorder, CVD cardiovascular disorder, MD 
mental disorder.
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DISCUSSION
Work impairments were associated with health care use among health care workers with 
MSD, CVD, or MD. Similarly, workers with lower work ability were more likely to consult a 
GP, a specialist, a physiotherapist, and a psychologist. Despite the moderate correlation 
between work impairments and work ability, the results of the current study suggest 
that a lower work ability as well as perceived impairments at work might be a prompt for 
workers to seek health care.
Health Care Use Among Workers with MSD, CVD, and MD
Health care use seemed relatively high in comparison with other studies. Among workers 
with MSD, almost 75% visited a GP, 45% a specialist, and 48% a physical therapist in the 
past 12 months. However, one has to bear in mind that the health care use was not limited 
to care seeking for a specific disorder. The method of population attributable fraction may 
be used to attribute health care use to the presence of a specific disorder, based on the 
prevalence of the specific disorder and the likelihood of health care use among workers 
with that disorder relative to workers without that disorder [30]. We observed proportions 
in line with other studies. For example, Molano et al. [31] found that 44% of scaffolders with 
low back pain visited a GP. This is comparable with the population attributable fraction of 
42% in our study population. Similarly, Ikonen et al. [32] found that 46% of male workers, 
and 51% of female workers with physician-diagnosed MSD visited an occupational health 
physician. As for MD, our finding that 44% visited a psychologist or psychiatrist was also 
relatively high when compared with previous studies [33, 34]. They reported that 21–25% 
of the individuals with a psychiatric disorder reported the use of mental health services 
[33, 34], which is almost twice as low as what we found. On the other hand, the same 
studies found that 83–91% of these subjects visited a primary care physician, which is 
in line with our finding that 82% visited a GP. The relative high numbers of health care 
use in our study population may be explained by the fact that our population consisted 
of workers in the health care sector, hence, they likely know how to access health care 
better than workers from other sectors. More than half of our study population had an 
intermediate education level, indicating that the majority of our sample probably consists 
of nursing personnel, and assisting personnel (e.g. receptionists, administrative workers), 
rather than physicians. Only limited evidence is present about health care use among 
nursing personnel. One study found that nurses use health care less often than the general 
population [35]. Information about health care use of other workers within the health care 
sector is lacking.
The GP was the most commonly visited health care provider in this study. This is due to 
the fact that the GP serves as gate keeper in the Dutch health care system. Hence, the 
GP is often the first health care provider to be consulted by individuals before having 
access to other services like specialist care. In the Netherlands, the physical therapist 
and psychologist can be visited without referral of the GP. However, their services are 
not always fully covered by the health insurance, unlike the GP visits [36]. Therefore, 
individuals may be less likely to consult these health providers compared with a GP.
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Work Impairments Among Workers with MSD, CVD, and MD
A large part of the respondents with MSD, CVD, and MD had moderate or severe work 
impairments (75.1, 63.3, and 81.3% respectively). A recent study among employees from a 
large Dutch railway company reported among workers with musculoskeletal complaints 
about 50% experienced work impairments due to these complaints [37]. Comparable 
results were reported for persons with heart disease (48%), major depression (45%), and 
generalized anxiety disorder (54%) [38]. The higher occurrence of impairments in our 
study population is due to the fact that we could not distinguish between impairments 
due to a specific disorder and impairments due to the considerable multimorbidity that 
was adjusted for in the analysis. Since mutual adjustment of MSD, CVD, and MD did not 
change the results presented in Table 2, the influence of work impairments is not limited 
to those workers who had a combination of MSD, CVD, and MD.
Previous studies showed that sickness absence [39] and productivity loss at work [19] was 
also relatively common in people with MSD, CVD, or MD. Leijten et al. [39] reported that 
among workers with MD about 70% had at least 1 day of sickness absence in the previous 
year, and among workers with MSD and CVD these figures were 55 and 52%, respectively.
Work Impairments, Work Ability, and Health Care Use
Earlier studies have shown that a reduced WAI predicts disability benefit [22], reduced 
work productivity, and sickness absence [21, 23]. In the current study a reduced work 
ability was also associated with health care use. 
Several recently published studies also explored the association between work ability in 
the general workforce (i.e. not within workers with specific disorders) and health care use. 
A longitudinal study from Germany [40] and two Scandinavian studies [32, 41] observed 
an association between a poor work ability as measured with the WAI and health care use. 
A limitation of these studies is that the measure of work ability, the WAI, includes several 
questions on presence of health problems and experienced functional limitations, which 
in itself may explain health care use [7–9]. In the present study the concept of work ability 
was measured by a single question, independent from health status. Our results showed 
that a lower work ability was associated with an increased likelihood of health care use. 
The OR for the associations between work ability and health care use were presented 
per 10% lower work ability score in this study. Hence, for example when work ability is 
strongly reduced to a score of five (instead of the maximum of ten) the OR for visiting a 
psychologist among respondents with CVD accumulates from 1.45 to 6.36 and indicates a 
substantially increased likelihood of consulting a health care provider.
Among workers with common disorders the perceived impairments while performing 
their regular activities at work prompted seeking health care. For most disorders 
the severity of impairments did seem to increase health care use, but only for MSD a 
statistically significant trend was observed for degree of severity and likelihood of having 
visited a specialist or physiotherapist. Thus, although our study population contained 
many workers with common disorders, the study lacked some power to disentangle 
determinants of specific referral patterns.
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Work Impairment, Work Ability, and Health Care Use in MSD, CVD, 
and MD
To our knowledge this is one of the first studies exploring the association between work 
impairments, work ability, and health care use within specific disorder groups. For mental 
as well as physical disorders, workers with work impairments and workers with a lower 
work ability were more likely to visit a health care professional. These results suggest that 
focusing on work impairments and keeping good work ability may be important for future 
interventions to reduce the need for health care use among workers with common mental 
or physical disorders.
Strength and Limitations
A strength of the present study is the large study population. However, some limitations 
need to be addressed. Firstly, we had no information on severity of MSD, CVD, and MD 
and therefore it could not be established how disease severity could have influenced the 
observed associations between work impairments and health care use. Several studies 
have shown that severity of disease is associated with work impairments [42, 43] and, thus, 
it may be hypothesized that both disease severity and impairments may prompt health 
care use. It may even be considered that work impairments partly mediates the association 
between disease severity and health care use. In these explanations both disease severity 
and work impairments are targets for intervention, whereby the exact interplay between 
disease severity, work impairments, and work conditions will guide the actual content 
of effective interventions in occupational groups. Secondly, the cross-sectional design 
does not permit the establishment of causal relationships. However, the findings suggest 
that attention for chronic health problems as well as attention for impairments at work 
due to these health problems is likely to be relevant. Thirdly, results of this study were 
based on dichotomous data of consulting a health provider and frequency of use was 
not taken into account due to lack of precise information on frequency of health care 
use. Consequently, we were also unable to make statements about subsequent health 
care expenditures. Fourthly, health care use, work impairments, and work ability were 
all selfreported and thus vulnerable to recall bias [44, 45]. However, self-reported work 
ability is a widely used measure in the field of occupational health and it has shown to be a 
predictor for long-term sick leave, productivity loss, and disability benefit [21–23]. Lastly, 
the group ‘other health provider’ was left out of this study. Some respondents indicated 
that they had visited a specialist, such as dermatologist, gynecologist, or rheumatologist. 
In a sensitivity analysis we included these care providers in the category ‘specialist’, but 
the results changed very little due to a low frequency of care seeking.
Since the study population consisted of a selective group of workers with a paid job in the 
health care sector, results may differ in other sectors. Around 80% of the study population 
was female, which is representative for workers in the health care sector [46, 47].
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CONCLUSION
Work impairments and reduced work ability were associated with health care use among 
health care workers with MSD, CVD, or MD. These findings suggest that addressing work-
related problems in workers with common disorders may contribute in reducing health 
care needs.
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RATIONALE FOR OBJECTIVES
The social security systems in Western countries are put under pressure by an ageing 
population due to decreasing birth rates and increased longevity. Recently, many 
governments in developed countries have introduced policies to increase the proportion 
of older workers in paid employment. In order to prevent premature exit from work 
there is increasing attention for sustainable employability. Several factors that influence 
sustained employment have been identified in previous studies. For example, individual 
factors such as age, education, health, and lifestyle related factors, but also psychosocial 
and physical work related factors, financial arrangements and government policies play a 
role (e.g. [1-6]). However, why and how these factors are involved in specific exit routes out 
of paid employment remains largely unknown. Furthermore, although lifestyle related 
factors are well established risk factors for productivity loss at work, sickness absence 
and reduced work ability [1, 3], there is less insight into the particular role of these factors 
on leaving the workforce via different routes. Poor health has been identified as a factor 
involved in labour force exit [7], but most studies have focused on a single exit route rather 
than multiple exit routes [8-10] or did a stratified analysis comparing workers within 
each separate exit route with those who remained in paid employment [11, 12]. This may 
influence the results, since exit routes are to some extent competing processes. This leads 
to the first objective of this thesis:
To study determinants of exit from paid employment via disability, unemployment, 
and early retirement. 
When aiming to contribute to the development of interventions targeted at enhancing 
sustained employment, it is not only of interest to study the determinants and 
consequences of decreased sustainable employability, but also to pay attention to 
identifying workers at risk. Several studies have suggested that the work ability index 
(WAI) [13] could be used as a predictive tool to identify workers at high risk of long-term 
sickness absence or disability benefit since a poor or moderate work ability score is 
strongly associated with sickness absence [14, 15]. However, these associations do not 
provide insight into how well the WAI discriminates between workers with and without 
future sickness absence. This leads to the second objective of this thesis:
To explore the predictive value of work ability to identify persons at high risk of long-
term sickness absence.
Apart from rising costs for social benefits and pensions, increasing health care use and 
subsequent costs also put the social security system under pressure in Western countries 
[16, 17]. Therefore, we were interested whether sustained employment was a factor 
involved in health care use. Since the majority of adults are engaged in paid employment, 
it is of particular interest to evaluate how the interplay between work demands and 
perceived health problems may influence health care use. This leads to the third objective 
of this thesis: 
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 To determine the consequences of decreased work ability on health care use.
In this chapter the main objectives will be answered based on the studies in this thesis. 
Thereafter, methodological considerations will be discussed followed by the interpretation 
of the findings. This chapter concludes with recommendations for future research, policy 
and practice. 
MAIN FINDINGS
Objective 1: To study determinants of exit from paid employment via disability, 
unemployment, and early retirement.
The complex character of exit from paid employment has been demonstrated by the 
fact that multiple factors have been identified in this thesis, that influence labour force 
exit (chapter 2-4). Self-rated health, lifestyle-related related factors, but also work-
related factors, competences, work-life balance, and financial factors played a role in 
displacement from work. The relative importance of the determinants differed by exit 
pathway. Health, for example, was a stronger determinant for exit through involuntary 
routes of disability benefit and unemployment, as compared to the more voluntary route 
of early retirement. We even observed a slightly higher percentage of workers with good 
health leaving the workforce via early retirement than workers with poor health (chapter 
4). 
In chapter 2 the focus was on non-health related determinants of early retirement among 
older workers. This qualitative study revealed that a combination of push and pull factors 
and financial opportunities played a role in the process towards early retirement. The 
specific mix of factors involved differed between individuals. Push factors towards early 
retirement included organisational changes (e.g. restructuring, or continuous changes in 
work protocols), conflicts at work, high work pressure, high physical job demands, and 
dissatisfaction with the limited use of one’s skills and knowledge. These factors seemed to 
influence the decision to retire early through reduced motivation, ability and opportunity 
to continue working. For example, a physical demanding job was reported to decrease 
the ability to continue working until the official retirement age, whereas insufficient use of 
skills and knowledge decreased the motivation to stay in the workforce. Workers who felt 
unable to find a new job due to their age experienced a reduced opportunity to continue 
working. Pull factors towards early retirement were more often related to social life and 
included the wish to do other things outside of work, to enjoy life, have more flexibility, 
spend more time with the spouse or close relatives or friends, and provide care to others. 
As these wishes gained importance, respondents became less motivated to continue their 
working life. In all cases financial opportunities to retire early were essential in the final 
decision to leave the workforce via early retirement. However, among some individuals 
financial factors became important in the context of push and pull factors, whereas they 
played a more direct role among others. When ranking the relative importance of the 
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factors involved in early retirement, financial factors appeared to be most important and 
were often a precondition for early retirement. 
The role of lifestyle related factors and poor health was studied in chapter 3 and 4. The 
synthesised literature about the role of overweight, obesity, and lack of physical activity 
on premature exit from the labour force (chapter 3) showed that obese workers (pooled 
RR 1.53; 95%CI 1.35-1.72), and to a lesser extent workers with overweight (pooled RR 
1.16; 95%CI 1.08-1.24), had an increased likelihood of exit from paid employment through 
disability benefit. Also workers with a lack of physical activity were at a higher risk of 
disability benefit. Although the number of studies was low, limited physical activity was a 
risk factor of unemployment as well, but not of early retirement. A high BMI was neither a 
risk factor of unemployment nor of early retirement.
In concordance with the findings on lifestyle-related risk factors, workers with a poor 
self-rated health were at higher risk of disability benefit than workers with good self-
rated health (SHR 3.22; 95% CI 2.30-4.51) (chapter 4). They also had an elevated risk of 
unemployment (SHR 1.32), but not of becoming economically inactive or leaving the 
workforce via early retirement. As described in the qualitative study (chapter 2), it is likely 
that other factors than health play a more dominant role in the mainly voluntary exit route 
of early retirement. 
The study population used in chapter 4 allowed us to compare labour force exit among 
workers with poor health in three European regions (Bismarckian countries, Scandinavian 
countries, and Southern Europe). The main exit route in all regions was early retirement. 
However, in Scandinavian countries early retirement (29%) was less frequent than in 
Southern Europe (35%) and Bismarckian countries (45%). There were also some regional 
differences in the absolute risks of leaving the workforce via disability benefit. Among older 
workers with low education and in poor health, four per cent of the workers in Southern 
Europe left via disability benefit, while this was more than twice as high in Scandinavian 
and Bismarckian countries (10%) among comparable workers. Further, workers from 
Southern Europe had a somewhat lower chance to become unemployed when in poor 
health than workers from Bismarckian or Scandinavian countries. 
Overall, these results show that multiple risk factors (e.g. individual characteristics, 
workrelated, lifestyle-related, country-related) determine the ability of older workers to 
remain in paid employment until older age. 
Objective 2: To explore the predictive value of work ability to identify workers at 
high risk of long-term sickness absence.
Chapter 5 describes how well the WAI performed as a tool to identify workers at high risk 
for shorter and longer durations of sickness absence in a one year follow-up study. When 
using the traditional four categories of the WAI, there was a clear upward trend for lower 
WAI categories showing larger odds ratios for a greater number of sick days. For example, 
workers with poor/moderate work ability (OR 15.14; 95%CI 7.69-29.81), or good work 
ability (OR 4.12; 95%CI 2.77-6.14) had a higher likelihood on ≥ 15 sick days than workers 
with excellent work ability. The ability of the WAI to discriminate between workers with 
different durations of sickness absence was assessed by pairwise Area Under the Curves 
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(AUCs). The pairwise AUC compares each pair of categories using only those workers that 
belong to one of the two categories at hand [18]. Four categories of sickness absence (i.e. 
0 days, 0 < days < 5, 5 ≤ days > 15, ≥ 15 days) were present, hence, six pairwise AUCs were 
estimated. Overall ability of the WAI to discriminate correctly between the four categories 
of sickness absence was represented by the ordinal cindex (ORC) and estimated as the 
average of six pairwise AUCs [19]. Overall, there was a 65% probability that the WAI 
correctly separates two workers with different sickness absence durations (ORC 0.65; 
95%CI 0.63-0.68). However, the WAI could best discriminate between workers without 
sickness absence and workers with the longest duration of sickness absence (i.e. ≥ 15 
days) (AUC 0.77). 
At the WAI cut-off between poor and moderate work ability (score ≤ 27) the sensitivity 
was 7.5% for < 15 sick days vs. ≥ 15 sick days, indicating that 7.5% of the workers with ≥ 
15 sick days were identified by their poor work ability score. On the other hand specificity 
was 99.6%, and the positive predictive value was 82%. The latter indicates that from 
all workers with a poor work ability score at baseline, 82% had ≥ 15 sick days at follow-
up. These results suggest that the WAI could be used to identify workers at high risk for 
prolonged sickness absence. However, due to low sensitivity, most high risk workers will 
not be identified based on their WAI score. This severely hampers the applicability of the 
WAI as prognostic instrument for sickness absence. Additional factors to the WAI may 
improve the predictive ability and allows for better identification of workers at highest 
risk. 
Objective 3: To determine the consequences of decreased work ability on health 
care use.
The cross-sectional study in chapter 6 describes clear associations between lower work 
ability and increased health care use. Similarly, workers who experienced impairments at 
work due to a health problem were more likely to consult a GP, specialist, physiotherapist, 
or psychologist. The study incorporated workers with three common disorders – 
musculoskeletal disorder (MSD), cardiovascular disorders (CVD), and mental disorder (MD) 
– which account for a substantial proportion of health care expenditures. Workers with 
MSD and a lower work ability had a higher chance to consult a health care providers than 
workers with MSD and better work ability (OR 1.05-1.35). As these odds ratios represent the 
increased likelihood on health care use per 10% lower work ability score, this likelihood 
can accumulate substantially when work ability is for example reduced by a score of 5 out 
of 10. Furthermore, workers with MSD who experienced moderate or severe impairments 
at work were more likely to visit a GP, specialist, or physiotherapist. Similarly, workers 
with CVD and MD were also more likely to visit a health care provider when experiencing 
lower work ability or impairments at work. The results of chapter 6 imply that lower work 
ability as well as perceived impairments at work often co-occur with seeking health care. 
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METHODOLOGICAL CONSIDERATIONS
Several methodological techniques have been used to answer the objectives of this 
thesis. These techniques all have their pros and cons which should be taken into account 
when interpreting the findings. In this part, the considerations of three pairs of opposite 
strategies in this thesis will be discussed: qualitative vs. quantitative research, association 
measures vs. prediction measures, and a cross-sectional study design vs. a longitudinal 
study design.
Qualitative vs. quantitative information on exit routes
Determinants of exit from paid employment were studied in both a qualitative (chapter 2) 
and quantitative (chapter 3 and 4) manner. In chapter 2, non-health related determinants 
of labour force exit through early retirement were identified in semi-structured interviews. 
Although qualitative research cannot quantify associations between the determinants 
and exit through early retirement, it is a very suitable method to gain detailed knowledge 
about how and why certain factors play a role in the retirement process at the individual 
level. The qualitative study shows for example the complex interplay between 
different push and pull factors whereby respondents mentioned that several factors 
simultaneously played a role in their decision to retire early. This complex interplay 
cannot easily be unravelled in the quantitative study since statistical interaction (i.e. 
synergy) requires a large study population and may indeed have a different interpretation 
than perceived by respondents. Additionally, due to the open character of the qualitative 
study, it allows respondents to come up with important factors that played a role in their 
retirement process that were not yet identified in the literature. Such as, that insufficient 
use of older workers’ skills and knowledge could contribute to early retirement. This 
can be of particular interest in early phases of research, as it allows to identify potential 
determinants for labour force exit, which can be studied in further in quantitative studies. 
Quantitative studies are then useful to understand the relative importance of involved 
factors on the population level and thus in the development of interventions aiming to 
increase working life. Thus, combining qualitative and quantitative methods to unravel 
the process of labour force exit is essential to see the whole picture. 
Association vs. prediction
Associations are determined at population level whereas prediction is more relevant 
at the individual level. Most studies in this thesis present associations to quantify the 
relation between a determinant and outcome (chapter 3 to 6). Although associations are 
informative, it is also of interest to quantify individual absolute risks on a certain outcome 
or to establish whether a determinant can be used for screening purposes. Chapter 5 
does not only describe the association between decreased work ability and a higher risk 
of longer durations of sickness absence, but went a step further towards prediction of 
sickness absence based on WAI score. 
Various studies have reported strong associations (ORs of 2.1 to 5.5) between decreased 
work ability and, especially long-term, sickness absence [4, 14, 15]. A few other studies 
looked at the predictive ability of the WAI for sickness absence [20, 21]. The WAI discriminated 
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correctly between workers with ≥ 15 sick days and workers without sick days in 77% of the 
cases in our study (AUC 0.77). Others reported similar AUCs in the discrimination between 
workers with ≥ 2 weeks of sickness absence and < 2 weeks of sickness absence (AUC 0.77-
0.78) [20, 21]. Although this discriminative ability seems adequate, sensitivity at the cut-off 
of poor work ability (i.e. ≤ 27) was poor (0.075) when predicting sickness absence of more 
than 2 weeks. This makes the WAI a less suitable prognostic instrument when aiming to 
detect these durations of sickness absence. Thus, strong associations at population level 
do not necessarily translate directly to individual relevance. 
Cross-sectional vs. longitudinal studies
A cross-sectional design was used to study the association between work impairments and 
reduced work ability among workers with MSD, CVD, or MD (chapter 6). A disadvantage of 
this method is that it does not allow for the establishment of causal relationships. In other 
words, did work impairments and reduced work ability precede an increase in health care 
use or did health care prompt impairments in work and a reduced work ability? Moreover, 
health care use was retrospectively assessed over the 12 months prior to the questionnaire, 
whereas impairments in work and work ability were a reflection of the respondents’ 
situation at the time of the questionnaire. This also made it difficult to determine cause 
and effect. What we do know from this study is that work impairments often co-occur with 
health care use in workers with chronic health problems, and it also goes for reduced work 
ability and health care use. This indicates that it may be relevant to pay attention to the 
work context in workers with common health problems, when aiming to reduce health 
care needs. These cross-sectional studies are informative as a first exploratory step. In the 
ideal situation, the next step would be determining the exact timing of cause and effect 
so that we could analyse with more certainty what determinant triggered what outcome. 
This would require a more dynamic way of data collection in which modern technology, 
like mobile applications, could play a role in helping respondents to register their health, 
work ability, and impairments at work on a regular (e.g. weekly) basis. This type of data 
could then be linked to health care use registries. Since such optimal study design cannot 
easily be achieved for various reasons, amongst others availability of data and privacy 
issues, cross-sectional studies on determinants of health care use remain important.
Results described in chapters 3, 4, and 5 are based on longitudinal studies where 
determinants were measured at baseline and outcomes during follow-up. Therefore we 
were better able to draw some conclusions about causality. However, results in these 
chapters are still based on dichotomous measures (e.g. received a disability benefit 
yes/no at a certain point in time) which hampers the translation towards more real live 
working careers. Longitudinal studies which transform these dichotomous measures into 
longitudinal measures of working careers, like working life expectancy or working years 
lost, will be one of the challenges for future research. 
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INTERPRETATION OF NEW INSIGHTS 
Two key findings from this thesis are selected and described more thoroughly in this 
section. To start, methodological insights on analysing multiple exit routes simultaneously 
in longitudinal data will be explained. Next, a discussion will follow about the WAI as a 
prognostic tool to identify high risk workers for sickness absence. 
Labour force exit routes as competing events
In previous (longitudinal) studies, various analytical techniques have been used to 
estimate the relation between a determinant (e.g. poor health) and labour force exit. For 
example, by focusing on one specific exit route and using a logistic regression analysis or 
a Cox proportional hazard analysis [8-10]. Recently, some studies incorporated multiple 
exit routes and used a stratified Cox analysis where workers within each specific exit 
route were compared with workers who stayed employed the entire follow-up [11, 12]. 
However, these methods, to a large extent, ignore the fact that exit routes may act as 
competing events. As an alternative, competing risk analysis could be performed [22]. 
This technique incorporates the fact that another event may precede the occurrence of 
the event of interest. Additionally, it allows for direct estimation of relative and absolute 
probabilities [22]. In the presence of competing risks, conventional survival techniques 
like Kaplan-Meier curves will overestimate the probability on the event of interest, as 
they assume that those who are censored are representative for the population still at 
risk (independent censoring assumption) [23, 24]. Thus, the censored workers should not 
be those with systematically higher or lower likelihood on the event of interest (such as 
workers with a competing event). This is illustrated in chapter 4 of this thesis, whereby 
probabilities based on the Kaplan-Meier curves were typically higher (i.e. overestimated 
the individual risk on a specific exit route) than the estimated probabilities from the 
Fine & Gray competing risk analysis (e.g. individual risk to leave the workforce via early 
retirement was 34.1% according to the Kaplan-Meier curve, vs. 27.6% according to the 
competing risk analysis). 
Two competing risk methods were used in chapter 4 to quantify the relation between 
poor health and labour force exit and to calculate individual probabilities on the event of 
interest: the Fine & Gray method [22] and the cause-specific Cox regression analysis [25]. 
The relations between poor health and exit through disability benefit, unemployment, 
early retirement, and becoming economically inactive, expressed by Hazard Ratios in the 
cause-specific method were 3.36, 1.43, 1.07, and 1.23, respectively. The Subdistribution 
Hazard Ratios (SHRs) from the Fine & Gray method were 4-12% lower: 3.22, 1.32, 0.94, and 
1.13, respectively. Both methods reached very similar results when it comes to absolute 
probabilities. For example, in Bismarckian counties, male workers aged 60-64 years with a 
low education who lived alone had a 10.8% probability to leave the workforce via disability 
benefit according to the cause-specific method, and a probability of 11.1% according 
to the Fine & Gray method. However, the variables in the Fine & Gray analysis translate 
directly to absolute probabilities, while for the causespecific approach, the cause-specific 
hazards of the competing events must also be incorporated in the calculations which 
make these calculations much more complex [24]. Therefore, the Fine & Gray approach 
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is an interesting alternative for conventional Cox models in competing risks situations 
to quantify the relation between determinant and outcome, and to estimate individual 
probabilities. Furthermore, Kaplan-Meier curves should not be used to estimate individual 
probabilities in competing risk situations. 
Work ability index as prognostic tool for sickness absence
In chapter 5 of this thesis the ability of the WAI to be used as a prognostic tool for longer 
durations of sickness absence was explored. Earlier studies already demonstrated the 
association between lower work ability and sickness absence [4, 15, 26]. However, there 
are only a few studies that investigated the use of the WAI as a prognostic tool [20, 21, 
27]. Although, the WAI had a reasonable ability to discriminate between four categories 
of sickness absence (ordinal c-index (ORC) 0.65), the sensitivity at the cut-off of poor work 
ability (i.e. ≤ 27) was very low (7.5%). Thus, the strong association between low work 
ability and sickness absence at population level, does not translate to a good prediction 
at the individual level (expressed in the low sensitivity). Only 7.5% of the workers who had 
≥ 15 sick days during follow-up were identified by their poor work ability score at baseline. 
This hampers the suitability of the WAI as a prognostic tool to identify high risk workers. 
A recent study reported that sensitivity increases when predicting long term sickness 
absence of more than 4, 6 or 12 weeks. For example, a cut-off at WAI 36 (i.e. moderate 
work ability) corresponded with a sensitivity of 66% for sickness absence episodes of 
>90 days [20]. These results demonstrate the complex choice to be made in prevention 
strategies. The WAI seems to predict sickness absence > 3 months rather well, but this is an 
infrequent event which happens only in 1 to 2% of the workers on sick leave. In a high risk 
prevention strategy the WAI seems appropriate, but this strategy will have limited impact 
on total sickness absence in any study population. Thus, when aiming at the prevention of 
sickness absence episodes of 2 weeks or more (which are more common), interventions at 
a population level (primary prevention), rather than focusing on workers with a poor WAI 
score (secondary prevention), seems most promising [28].
RECOMMENDATIONS
Recommendations for future research
Explore the interplay of determinants of labour force exit at micro, meso, macro 
level
Although several determinants of exit form paid employment have been identified in 
this thesis, still little is known about the complex interplay of determinants at micro 
(individual level), meso (organisational level) and macro (country level) level. This asks 
for international studies in which determinants at all three levels are included. The SHARE 
study used in chapter 4 already allows for comparison of health as a determinant of labour 
force exit between European regions. However, the sample was too small to evaluate 
determinants of labour force exit per country separately. Furthermore, determinants at 
meso level (e.g. company policy) are not available in this study. 
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Explore determinants of labour force exit after changing social and economic 
legislations
Many countries, including the Netherlands, have recently introduced policies to extend 
working life. For example, increasing the official retirement age, introducing more stringent 
eligibility criteria for a disability benefit, and taxation of early retirement benefits as 
income. The studies included in this thesis were performed during different periods when 
these policies were effectuated. Therefore, it is of great importance to determine whether 
the introduced legislations have improved labour force participation and whether these 
legislation have increased or decreased labour force participation among those workers 
with chronic health problems.
Shorter time windows to explore cause and effect
The study described in chapter 6 on the consequences of work impairments and decreased 
work ability for health care use was performed on cross-sectional data. This allowed us to 
gain insight into the association between the work related determinants and health care 
use, but not into cause and effect. In the ideal situation future research on this topic should 
be performed on longitudinal data which is collected with short time windows between 
the measurements. For example, weekly measurements of work impairments, health, 
work ability combined with detailed registry data about health care use would be a great 
source of information to disentangle the cause and effect issue. The current development 
of mobile applications could play a role in this type of data collection. However, before we 
can use these types of dynamic data collection, issues on availability and privacy should 
be addressed. 
Recommendations for occupational health professionals
Focus on primary prevention of sickness absence
Earlier studies showed that preventive interventions for long term sickness absence are 
more effective and cost-effect when aimed at high risk groups [29-31]. However, work in 
this thesis (chapter 5) showed that it is not easy to identify workers at high risk of sickness 
absence. The WAI showed very low sensitivity to detect these workers. Therefore, focusing 
on the whole working population maybe a more effective strategy in preventing long term 
sickness absence [28]. 
Tailored interventions needed
Multiple factors have been identified to influence labour force exit (chapter 2-4). The 
combination of factors involved in displacement from work could differ per worker, 
and therefore a tailored approach would be advised. To ensure a good fit between the 
demands at work and the ability and wishes of the employee a constant dialogue between 
employer and employee from an early phase of the career onwards may be helpful.
Recommendations for policy
Improving labour market opportunities for older workers
Since new policies on labour participation make it more difficult to exit the labour market 
via early retirement and disability benefits, it is necessary to further improve working 
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conditions, including flexible working arrangements, policies supporting sufficient skills 
and capacities to continue working, and to improve labour market opportunities for older 
workers. 
Investment in working conditions may reduce health care use
The study in chapter 6 shows an association between work related conditions (work 
impairments and work ability) and health care use. Although a causal relation could not 
be established, it gives an indication that attention for work impairments and work ability 
among workers with chronic health problems is likely to be relevant when aiming to 
reduce health care use and subsequent costs. Thus, also for health care insures it is likely 
beneficial to focus on healthy workers and therefore invest in this group. 
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SUMMARY
The social security systems in Western countries are being put under pressure by an ageing 
population due to decreasing birth rates and increased longevity. Although the retirement 
age is rising, many workers still leave paid employment before the official retirement age. 
To facilitate longer working lives, the objectives of this thesis were as follows:
1. To study determinants of exit from paid employment via disability, unemployment, 
and early retirement.
2. To explore the predictive value of work ability to identify persons at high risk of long-
term sickness absence. 
3. To determine the consequences of decreased work ability for health care use. 
Data from four cohorts were used to answer the objectives: the Study on Transitions 
in Employment, Ability and Motivation (STREAM), the Survey of Health, Ageing, and 
Retirement in Europe (SHARE), a cohort from the Netherlands Institute for Prevention and 
e-Health Development (NIPED) Research Foundation containing Dutch workers from the 
financial sector, and a cohort of Dutch health care personnel. 
To study determinants of exit from paid employment via disability, 
unemployment, and early retirement.
The complex character of exit from paid employment has been demonstrated by the 
fact that multiple factors were identified that influence this process (chapter 2-4). Self-
rated health, lifestyle-related related factors, but also work-related factors, sufficient 
competences, work-life balance, and financial factors played a role in exit from paid 
employment. The relative importance of the determinants differed by exit pathway. 
Health, for example, was a stronger determinant for exit through involuntary routes of 
disability benefit and unemployment, as compared to the more voluntary route of early 
retirement (chapter 4). 
In chapter 2 the focus was on non-health related determinants of early retirement among 
older workers. This qualitative study revealed that a combination of push and pull 
factors and financial opportunities played a role in the process towards early retirement. 
The specific mix of factors involved in this process differed between individuals. Push 
factors towards early retirement included organizational changes (e.g. restructuring, or 
continuous changes in work protocols), conflicts at work, high work pressure, high physical 
job demands, and dissatisfaction with the limited use of one’s skills and knowledge. Pull 
factors towards early retirement were more often related to social life and included the 
wish to do other things outside of work, to enjoy life, have more flexibility, spend more 
time with the spouse or close relatives or friends, and to care of others. In all cases financial 
opportunities to retire early were essential in the final decision to leave the workforce. 
Among some individuals financial factors became only important in the context of push 
and pull factors, whereas for others they played a more direct role. When ranking the 
relative importance of the factors involved in early retirement, financial factors appeared 
to be most important and were often a precondition for early retirement. 
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The role of lifestyle related factors and poor health in exit from paid employment was 
studied in chapter 3 and 4. The synthesized literature about the role of overweight, 
obesity, and lack of physical activity for premature exit from the labour force (chapter 
3) showed that obese (pooled relative risk (RR) 1.53), and to a lesser extent overweight 
(pooled RR 1.16) workers had an increased likelihood of exit from paid employment 
through disability benefit. Also workers with a lack of physical activity were at a higher 
risk of disability benefit. Although the number of studies was low, limited physical activity 
was a risk factor of unemployment as well, but not of early retirement. A high BMI was 
neither a risk factor for unemployment nor for early retirement.
In concordance with the findings on lifestyle-related risk factors, workers with a poor 
self-rated health were at a higher risk of disability benefit than workers with good self-
rated health (subdistribution hazard ratio (SHR) 3.22) (chapter 4). Workers with poor self-
rated health also had an elevated risk of unemployment (SHR 1.32), but not of becoming 
economically inactive or leaving the workforce via early retirement. As described in the 
qualitative study (chapter 2), it is likely that factors other than health play a more dominant 
role in the mainly voluntary exit route of early retirement. 
Overall, results from chapter 2-4 show that multiple risk factors (e.g. individual 
characteristics, work-related, lifestyle-related) determine the ability of older workers to 
remain in paid employment until older age.
To explore the predictive value of work ability to identify workers at 
high risk of long-term sickness absence.
Chapter 5 describes how well the work ability index (WAI) performs as a tool to identify 
workers at high risk for varying durations of sickness absence in a one year follow-up 
study. The ability of the WAI to discriminate correctly between the four categories of 
sickness absence (i.e. 0 days, 0 < days < 5, 5 ≤ days > 15, ≥ 15 days) showed that there 
was a 65% probability that the WAI correctly can separates two workers with different 
sickness absence durations (ordinal c-index (ORC) 0.65; 95%CI 0.63-0.68). However, the 
WAI could best discriminate between workers without sickness absence and workers with 
the longest duration of sickness absence (i.e. ≥ 15 days) (Area under the Curve (AUC) 0.77). 
At the WAI cut-off between poor and moderate work ability (WAI score ≤ 27) the sensitivity 
was 7.5% for < 15 sick days vs. ≥ 15 sick days, indicating that 7.5% of the workers with ≥ 
15 sick days were identified by their poor work ability score. On the other hand specificity 
was 99.6%, indicating that 99.6% of the workers with <15 sick days did not had a poor 
work ability score. The positive predictive value was 82%, which indicates that from all 
workers with a poor work ability score at baseline, 82% had ≥ 15 sick days at follow-up. 
These results suggest that the WAI could be used to identify some workers at high risk 
for prolonged sickness absence. However, due to low sensitivity, most high risk workers 
will not be identified based on their WAI score. This severely hampers the applicability 
of the WAI as prognostic instrument for sickness absence. Additional factors to the WAI 
may improve the predictive ability and might allow for better identification of workers at 
highest risk.
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To determine the consequences of decreased work ability on health 
care use.
The cross-sectional study in chapter 6 describes clear associations between lower work 
ability and impairments at work on the one hand, and increased health care use on the 
other hand. Workers who experienced impairments at work due to a health problem 
were more likely to consult a GP, specialist, physiotherapist, or psychologist. The study 
incorporated workers with three common disorders – musculoskeletal disorder (MSD), 
cardiovascular disorders (CVD), and mental disorder (MD) – which account for a substantial 
proportion of health care expenditures in the Netherlands. Workers with MSD and a lower 
work ability had a higher chance to consult health care providers than workers with 
MSD and better work ability (OR 1.05-1.35). As these odds ratios represent the increased 
likelihood of health care use per 10% lower work ability score (range score 0-10), this 
likelihood can accumulate substantially when work ability is for example reduced by a 
score of 5 out of 10. Furthermore, workers with MSD who experienced moderate or severe 
impairments at work were more likely to visit a GP, specialist, or physiotherapist. Similarly 
as workers with MSD, workers with CVD and MD were also more likely to visit a health 
care provider when experiencing lower work ability or impairments at work. The results 
of chapter 6 imply that lower work ability as well as perceived impairments at work often 
co-occur with seeking health care.
Conclusions
In chapter 7 the main objectives were answered, methodological issues were discussed 
and key findings were interpreted. The chapter ends with recommendations for different 
stakeholders. The following can be concluded and recommended from this thesis:
• A combination of factors are involved in the decision to retire early;
 · The factors involved differed per individual. 
 · Financial factors were always considered and often decisive in the decision to retire 
early.
• Workers suffering from obesity are at greater risk to leave paid employment via disability 
benefit than workers with normal weight;
 · To a lesser extent this was also true for overweight.
• Limited physical activity was a risk factor for both disability benefit and unemployment, 
but the available studies in the meta-analysis were low. 
• Poor health is a risk factor for exit of paid employment, especially through the more 
involuntary routes of disability benefit and unemployment.
 · Slightly more workers with good health leave paid employment via early retirement 
as compared to workers with poor health.
• The WAI could best discriminate between workers without sickness absence and 
workers with sickness absence of two or more weeks. However, the WAI is less suitable 
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as a predictive tool to identify workers at high risk of sickness absence since sensitivity 
is too low (7.5%).
 · Therefore, in the prevention of long term sickness absence, focusing on the whole 
working population may be a more effective strategy than a high risk approach
• Work impairments and reduced work ability were associated with health care use among 
health care workers with MSD, CVD, and MD.
• Kaplan-Meier curves do not properly quantify (i.e. overestimate) absolute risks of exit 
form paid employment in the presence of competing exit routes.  
• The Fine & Gray approach is an interesting alternative for conventional Cox models in 
competing risks situations to quantify the relation between poor health and different 
exit routes out of paid employment, and to estimate individual probabilities of labour 
force exit due to poor health. 
• Future research should focus on the complex interplay of determinants of exit form paid 
employment at micro (individual level), meso (organisational level) and macro (country 
level) level.
 · This asks for international studies in which determinants at all three levels are 
included.
• The studies included in this thesis were performed on data gathered in the period right 
before new social and economic legislations to prolong working life were effectuated. 
Therefore, it is of great importance to determine whether the introduced legislations 
have improved labour force participation and whether these legislations have increased 
or decreased labour force participation among those workers with chronic health 
problems.
• Since new policies on labour participation make it more difficult to exit the labour 
market via early retirement and disability benefits, it is necessary to further improve 
working conditions. 
• To gain more insight into causal relations, a more dynamic form of data collection 
with short time windows between measurements would be helpful. However, before 
we can use these types of data collection, issues on availability and privacy should be 
addressed. 
• The combination of factors involved in displacement from work could differ per worker, 
and therefore a tailored approach to worklife prolongation would be advised. To ensure 
a good fit between the demands at work and the ability and wishes of the employee a 
constant dialogue between employer and employee from an early phase of the career 
onwards may be helpful. 
• Attention for work impairments and work ability among workers with chronic health 
problems is likely to be relevant when aiming to reduce health care use and subsequent 
costs. Thus, also for health care insures it is likely beneficial to focus on healthy workers 
and therefore invest in this group.
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Het sociale stelsel in Westerse landen staat onder druk door een ouder wordende 
populatie, veroorzaakt door lagere geboortecijfers en een langere levensduur. Hoewel 
de leeftijd waarop men met pensioen gaat de afgelopen jaren is gestegen, verlaten nog 
steeds veel werknemers het werkzame leven voor de officiële pensioenleeftijd. Om langer 
doorwerken mogelijk te maken had dit proefschrift de volgende doelstellingen:
1. Het bestuderen van determinanten van uitstroom uit betaald werk via 
arbeidsongeschiktheid, werkloosheid en vroegpensioen. 
2. Het in kaart brengen van de voorspellende waarde van werkvermogen om 
werknemers te kunnen identificeren die een hoog risico op ziekteverzuim hebben. 
3. Het bepalen wat de gevolgen van een verlaagd werkvermogen in termen van 
zorggebruik zijn. 
Om de doelstellingen te beantwoorden zijn in dit proefschrift vier cohorten gebruikt: 
de Study on Transitions in Employment, Ability and Motivation (STREAM), de Survey of 
Health, Ageing, and Retirement in Europe (SHARE), een cohort van het NIPED-instituut 
met daarin Nederlandse werknemers uit de financiële sector en als laatst een cohort 
bestaande uit Nederlands zorgpersoneel. 
Het bestuderen van determinanten van uitstroom uit betaald werk 
via arbeidsongeschiktheid, werkloosheid en vroegpensioen. 
Het complexe karakter van uitval uit betaald werk wordt onderstreept door het feit dat 
er in dit proefschrift verscheidene factoren zijn gevonden die invloed hebben op uitval 
uit werk (hoofdstuk 2-4). Zelfgerapporteerde gezondheid, leefstijlgerelateerde factoren, 
maar ook werkgerelateerde factoren, het hebben van de juiste competenties, werk-
privébalans en financiële factoren speelden een rol bij uitval uit werk. De onderlinge 
verhouding tussen de determinanten verschilde per uitstroomroute. Gezondheid was 
bijvoorbeeld een sterkere determinant van uitval via meer ‘onvrijwillige’ routes als 
arbeidsongeschiktheid en werkloosheid, dan van uitval via een meer ‘vrijwillige’ route als 
vroegpensioen (hoofdstuk 4).
 In hoofdstuk 2 lag de focus op de niet-gezondheidgerelateerde determinanten 
van vroegpensioen onder oudere werknemers. Deze kwalitatieve studie liet zien dat 
een combinatie van zogenaamde ‘push- en pullfactoren’ en financiële mogelijkheden 
een rol speelden in het proces tot vroegpensioen. Onder ‘pushfactoren’ verstaan we 
bijvoorbeeld reorganisaties, veranderingen op de werkvloer, conflicten op het werk, 
hoge werkdruk of zwaar fysiek werk. ‘Pullfactoren’ zijn vaak meer gerelateerd aan de 
privésfeer, enkele voorbeelden zijn de wens om andere dingen te doen buiten het werk, 
van het leven genieten, flexibeler willen zijn of meer tijd willen besteden met de partner. 
De specifieke combinatie van factoren die uiteindelijk een rol speelde verschilde per 
individu. In alle gevallen waren de financiële mogelijkheden om met voegpensioen te 
gaan van essentieel belang in de uiteindelijke beslissing om vervroegd uit te treden. Wel 
was het zo dat bij sommige werknemers financiële factoren pas aan de orde kwamen in 
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de context van push- en pullfactoren, terwijl ze bij anderen een meer directe rol hadden in 
het beslissingsproces. Als we het relatieve belang van alle factoren die meespelen in het 
besluit om met vroegpensioen te gaan naast elkaar leggen, zien we dat financiële factoren 
vaak een voorwaarde waren om uiteindelijk te beslissen om vervroegd uit te treden. 
Welke rol leefstijlgerelateerde factoren en slechte gezondheid spelen in uitval uit werk 
werd in hoofdstuk 3 en 4 bestudeerd. De review met meta-analyse over de rol die 
overgewicht, obesitas en gebrek aan lichamelijke activiteit spelen in uitval uit betaald 
werk (hoofdstuk 3) liet zien dat werknemers met obesitas (gepoold relatief risico (RR) 1.53) 
en in mindere mate ook werknemers met overgewicht (gepoold RR 1.16) een verhoogde 
kans hadden om uit te vallen door arbeidsongeschiktheid. Ook werknemers met een 
gebrek aan lichamelijke activiteit hadden een hoger risico op arbeidsongeschiktheid. 
Hoewel het aantal studies beperkt was, bleek een gebrek aan lichamelijke activiteit ook 
een risicofactor voor werkloosheid, maar niet voor vroegpensioen. Een hoog BMI was 
geen risicofactor voor werkloosheid en ook niet voor vroegpensioen. 
Werknemers met een slechte zelfgerapporteerde gezondheid hebben een hoger risico 
op arbeidsongeschiktheid dan werknemers die hun gezondheid als goed ervoeren 
(subdistribution hazard ratio (SHR) 3.22) (hoofdstuk 4). Deze werknemers hadden ook 
een verhoogd risico op werkloosheid (SHR 1.32), maar niet op vroegpensioen of op 
economisch inactief worden. Zoals beschreven in de kwalitatieve studie (hoofdstuk 2), is 
het aannemelijk dat er andere factoren een prominentere rol spelen dan gezondheid in de 
voornamelijk zelfgekozen route van vroegpensioen. 
Samenvattend laten de resultaten uit hoofdstuk 2-4 zien dat verschillende risicofactoren 
(bijv. individuele kenmerken, werkgerelateerd en leefstijlgerelateerd) bepalen in hoeverre 
een oudere werknemer in staat is om tot op hogere leeftijd in betaald werk te blijven.
Het in kaart brengen van de voorspellende waarde van 
werkvermogen om werknemers te kunnen identificeren die een hoog 
risico op ziekteverzuim hebben. 
Hoofdstuk 5 beschrijft in een studie met 1 jaar follow-up, hoe goed de ‘work ability index’ 
(WAI) presteert als instrument om werknemers met een hoog risico op variërende perioden 
van ziekteverzuim te identificeren. De kans dat de WAI twee werknemers uit verschillende 
categorieën van verzuim (0 dagen, 0 < dagen < 5, 5 ≤ dagen > 15, ≥ 15 dagen) op de juiste 
manier van elkaar onderscheidde was 65% (ordinale c-index (ORC) 0.65; 95%CI 0.63-0.68). 
De WAI was echter het best in staat om werknemers zonder verzuim te onderscheiden 
van werknemers met de langste verzuimduur (nl. ≥ 15 dagen) (Area Under the Curve (AUC) 
0.77, m.a.w. in 77% van de gevallen). 
Op het afkappunt tussen slecht en verminderd werkvermogen (WAI score ≤ 27) was de 
sensitiviteit 7,5% voor < 15 ziektedagen vs. ≥ 15 ziektedagen. Dit betekent dat 7,5% van 
de werknemers die 15 dagen of meer verzuimden, geïdentificeerd konden worden op 
basis van hun slechte werkvermogen. Aan de andere kant was de specificiteit 99,6% en 
de positief voorspellende waarde 82%. Dat laatste betekent dat van alle werknemers met 
een slecht werkvermogen op baseline, 82% uiteindelijk 15 dagen of meer had verzuimd 
in het follow-upjaar. Deze resultaten suggereren dat de WAI gebruikt zou kunnen worden 
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om enkele werknemers te identificeren die een hoog risico lopen om langdurig te gaan 
verzuimen. Maar door de lage sensitiviteit worden de meeste werknemers die uiteindelijk 
langdurig gaan verzuimen niet geïdentificeerd door de WAI. Dit beperkt de mogelijkheid 
om de WAI in te zetten als voorspellend instrument voor ziekteverzuim sterk. Meer factoren 
toevoegen aan de WAI zou de voorspellende waarde van de WAI kunnen verbeteren en 
bijdragen om uiteindelijk de hoogrisicowerknemers  te kunnen identificeren.. 
Het bepalen wat de gevolgen van een verlaagd werkvermogen in 
termen van zorggebruik zijn. 
Het dwarsdoorsnedeonderzoek gepresenteerd in hoofdstuk 6 laat een duidelijke 
samenhang zien tussen een lager werkvermogen en een verhoogd zorggebruik evenals 
een samenhang tussen beperkingen op het werk en een verhoogd zorggebruik. Zo 
hadden werknemers die beperkingen op het werk ervoeren door gezondheidsproblemen 
een hogere kans om een huisarts, specialist, fysiotherapeut of psycholoog te raadplegen. 
In deze studie werden werknemers met drie veelvoorkomende aandoeningen 
meegenomen – klachten van het bewegingsapparaat, cardiovasculaire klachten, en 
psychische problemen – die samen een substantieel deel van de zorgkosten in Nederland 
voor hun rekening nemen. Werknemers met klachten van het bewegingsapparaat die 
een verminderd werkvermogen hadden, hadden een hogere kans om een medische 
deskundige te raadplegen dan werknemers met bewegingsapparaat klachten die geen 
verminderd werkvermogen hadden (OR 1,05-1,35). Deze odds ratio’s vertegenwoordigen 
een verhoogde kans op zorggebruik per stapje van 10% verlaging in werkvermogen 
(score van 0-10). Dus de kans kan flink oplopen wanneer het werkvermogen bijvoorbeeld 
verlaagd is met 5 van de 10 punten. Verder hadden werknemers met klachten van het 
bewegingsapparaat die beperkingen in het werk ervoeren een hogere kans om de huisarts, 
specialist of fysiotherapeut te raadplegen dan degene die geen beperkingen ervoeren. 
Gelijksoortige resultaten werden gevonden voor werknemers met cardiovasculaire 
klachten en psychische problemen. De resultaten uit hoofdstuk 6 impliceren dat een 
lager werkvermogen en ervaren beperkingen in het werk vaak samen voorkomen met het 
zoeken van zorg. 
Conclusies
In hoofdstuk 7 worden de doelstellingen van dit proefschrift beantwoord, worden 
methodologische kanttekeningen geplaatst en hoofdbevindingen geïnterpreteerd. Het 
hoofdstuk eindigt met aanbevelingen voor de belangrijkste stakeholders. Het volgende 
kan naar aanleiding van de bevindingen in dit proefschrift worden geconcludeerd en 
aanbevolen:
• Een combinatie van factoren zorgt voor het uiteindelijke besluit om met vroegpensioen 
te gaan. 
 · Welke specifieke factoren betrokken zijn verschilt per individu;
 · Maar financiële factoren spelen altijd een rol en waren vaak doorslaggevend in het 
besluit om vervroegd uit te treden. 
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• Werknemers met obesitas hebben een groter risico om uit te vallen uit betaalde arbeid 
via arbeidsongeschiktheid dan werknemers met een normaal gewicht.
 · In mindere mate geldt dit ook voor werknemers met overgewicht.
• Gebrek aan fysieke activiteit was een risicofactor voor zowel uitval door 
arbeidsongeschiktheid als werkloosheid, maar het aantal studies waarop deze 
bevinding werd gebaseerd is laag in de meta-analyse.
• Slechte gezondheid is een risicofactor voor uitval uit betaald werk, voornamelijk door 
‘onvrijwillige’ routes als arbeidsongeschiktheid en werkloosheid. 
 · Voor de meer ‘vrijwillige’ route van vroegpensioen zagen we dat iets meer 
werknemers met een goede gezondheid dan met een slechte gezondheid uitvielen 
via deze route. 
• De WAI kon het best onderscheid maken tussen werknemers zonder verzuim en 
werknemers die twee weken of meer verzuimden. De WAI is echter minder geschikt als 
voorspellend instrument om werknemers die het risico lopen om te gaan verzuimen te 
identificeren omdat de sensitiviteit te laag is (7,5%);
 · Daarom zou een populatieaanpak (m.a.w. richten op alle werknemers) in plaats van 
een hoogrisico-strategie op dit moment waarschijnlijk meer effect hebben in het 
voorkomen van verzuim. 
• Beperkingen in het werk en een verminderd werkvermogen hingen samen met 
zorggebruik bij werknemers uit de zorg met klachten van het bewegingsapparaat, 
cardiovasculaire klachten en psychische problemen. 
• Kaplan-Meiercurves zijn niet geschikt om het absolute risico op uitstroom uit werk 
te kwantificeren in de aanwezigheid van concurrerende uitstroomroutes (ze geven 
namelijk een overschatting). 
• De Fine & Gray-methode is een interessant alternatief voor gebruikelijke Cox modellen 
in de situatie waarin concurrerende risico’s aanwezig zijn als we de relatie tussen slechte 
gezondheid en uitstroom via verschillende routes willen kwantificeren en om individuele 
kansen te schatten. 
• Onderzoek zou zich in de toekomst moeten richten op het complexe samenspel van 
determinanten van uitstroom uit betaald werk op het microniveau (individueel niveau), 
mesoniveau (niveau van de organisatie) en macroniveau (landelijk niveau). 
 · Dit vraagt om internationale studies waarin determinanten op al deze niveaus 
worden meegenomen. 
• De studies in dit proefschrift zijn uitgevoerd op data die verzameld is in een periode net 
voordat er nieuwe wet- en regelgeving is ingevoerd om langer doorwerken te stimuleren. 
Daarom is het van groot belang om te onderzoeken of deze wet- en regelgeving 
arbeidsparticipatie in zijn algemeenheid, maar ook onder mensen met chronische 
gezondheidsproblemen, heeft verbeterd. 
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• Omdat nieuwe wet- en regelgeving het minder makkelijk maakt om het arbeidsproces 
te verlaten via vroegpensioen of arbeidsongeschiktheid, is het nodig om 
werkomstandigheden verder te verbeteren. 
• Een dynamischere manier van data verzamelen zou kunnen bijdragen aan het beter 
inzichtelijk maken van causale relaties. Maar voor het zover is moeten problemen 
rondom beschikbaarheid en privacy worden opgelost. 
• Omdat de combinatie van factoren die meespeelt in uitval uit werk per persoon kan 
verschillen wordt een gepersonaliseerde aanpak geadviseerd om langer doorwerken 
mogelijk te maken. Om de eisen van het werk en de mogelijkheden en wensen van de 
werknemer goed op elkaar te laten aansluiten is een constante dialoog tussen werkgever 
en werknemer al vanaf een vroeg stadium in de carrière waarschijnlijk bevorderend.  
• Aandacht voor beperkingen op het werk en het werkvermogen van de werknemers 
met chronische gezondheidsproblemen is waarschijnlijk relevant in het beperken 
van zorggebruik en daarmee samenhangende kosten. Waarschijnlijk is het dus ook 
voor zorgverzekeraars aantrekkelijk om te focussen op en te investeren in gezonde 
werknemers.
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